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HTOH-ALTITITDE COOLING 
I - REST7UE OF THE COOLINQ PROBLEU 
By Abe Sllverstein 



SUMMARY 

TtH-a paper Is the first of a series of six papers 
that discusses the ooollzig of aircraft-engine Installations 
with special reference to the difficulties of coolliig at 
high altitudes. The other papers cf the series will ' . 
present a di ncusflon of nlr-coo'lod €iri.;lneo, radiators," 
Intercoolera, ductn, and fans; and It Is Intended that 
In each case the approach will be that best siulted to 
the needs of the doo''. 'ner, In the preseiit ...>Q.ier the 
properties of liA'JA standard air and Arsiy sv-mtiier elr, 
with correapondlnr; ata'matlon conditions fox* a range 
of flight speed, aro sutmnari zed in tables and fif^res; 
and the s^z^^i^bI effects of the density end temperature 
varlatlonM with altitude are discussed v/lth re cord to 
required mass flow and vol'ome flow of cooling air, 
required ooolins pressure, available coolln-; pressure, 
and ooollns power. The general relations between the 
necessary heat transfer and the corresponding required 
flow of cooling air are summarized, together with their 
effects on the required cooling pressures; and it is 
shown that the required cooling pressure increases 
whereas the available cooling pressure decreases at high 
altitudes. The high pressure drops that result from high 
velocities and accelerations in the heat-exohanger 
passages' become particularly costly as these pressure 
drops approach the available pressure. In such cases 
a fan la an efficient cooling aid whereas large defleci- 
tion of cowling flaps is inefficient, and very detrimental 
to performance. 



INTRODUCTION 

Flight at altitudes of 35,Q00 to 40,000 feet 
introduces special problems In the cooling of aircraft 
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power-plant Installations. The difriculties result 
principally from the low density of the air at these 
altitudes, throu^ its effect on the removal of heat 
end the airplane performance. The oharacterl sties of 
the heat exchangers establish the values of the pressures 
required to cool for any altitude, whereas the perform- 
ance of the airplane at the same altitude determines the 
pressures available for cooling. Increasing the altitude 
usually reduces the margin between the pressure available 
and the pressure required for cooling;. 

Design for efficient cooling, however, will be 
restricted by the severe limitation of the space available 
for installation of the power plant and the final design 
will evolve through the usual engineering compromises. 
The six papers of the series (this paper wd references 1 
to 5) present the results of a study directed toward 
understanding the cooling variables that must be weighed 
in the compromises; in particular, the variation of cooling 
characteristics with altitude and the penalties for the 
use of inadequate or barely adequate cooling equipment 
are considered. Specific analyses of the altitude per- 
formance of air-cooled engines, radiators, iutercoolers, 
ducts, and fans are given in parts II to VI (references 1 
to 5) . Because of the differences in the types of prob- 
lem involved, the treatments of the subject matter In 
the different papers are not parallel; however, in each 
paper the approach to the subject has been that believed 
best- suited to the needs of the designer. 

The purposes of the present paper are to introduce 
the series and to review the altitude effects. The 
MCA, Army summer, and British standard atmospheres are 
described and the main characteristics of heat exchangers, 
with particular reference to the altitude effects on heat 
, transfer, cooling; pressure drop, and cooling pov/er, are 
qualitatively discussed. The altitude effec^ts on cooling 
pressures available end the influence of -cooling require- 
ments on airplane performance are also discussed. 



SYT<BOLS 



T 



t 



temperature, °P 
temperature, °F absolute 



' density,, slugs per cubic foot 
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p p^ressure, poiinds per aquare foot 

qg full impact pressure 

H mass flow of ooollng air por second 

t^ wall temperature, °F 

tj^ stagnation temperature of cooling sir at inlot, 

k constant, exponent in he at*- transfer equation 

cooling drag 

V velocity of air in cooling pasaaf^cs 

Vq velocity of air in free stream, or airplane speed, 
miles per hdur 

^ox velocity of coolin?. air, relative to airplane, 

when static pressure has returned to free-stream 
static pz^ssurc, miles por hour 

or relative density 

Subscripts 

SL sea level 

VARIATION OP PHYSICAL PROPI'RTIES OP 

AT: 03PHERE \VI.TiI AL!11TJj>E 

In order to provide unlfortr.ity in altxtude cooling 
and- performance calculations, standard values of the 
physical properties of the atciosphore are used. Diehl's 
tables (reference 6), from which data arc reproduced in 
table I and fic^res 1 and 2, define KAGA standard air, 
which has the following properties at sea lovelt 

Temperature, tg^, ^* 59 

Density, g^^, slug' per ciibic foot ■0.002378 

Pressure, PgXi* voanda per square foot ..... 2116.2 

The temperature decreases linearly with increase in 
height at the rate of 3.566° F per thousand feet up to 
the lower level of the Isothermal layer, at an altitude 
of 35,332 feet. The air is assumed to be dz7 and to obey 
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the laws for a porfeot'gasi -Absolute temp.eratures are 
obtained by adding 459.4° to th^ temperatures In degrees 
Fahrenheit. 

Since It Is- nocossary' that adequate cooling be 
provided In locales and xindor climatic conditions for 
which air tomporatures considerably exceed those of NACA 
standard air, several altitude-temperature relations 
more representative of such conditions have been set up 
for use In making cooling calculations. The relation of 
pressure to altitude established for NACA standard air 
Is retained in deflnlnj^ those warmer atmospheres. The 
density of the air is calculated from Its temperature 
and pressure by the gas law. 

The Army Air Corps (reference 7) has specified a 
summer atmosphere having a sea-level temperature of 
100° P and a linear decrease In temperature with altitude 
at the rate of 3.6° F per thousand feet up to the alti- 
tude of 46,500 feet.- Above this altitude It Is assumed 
that no further decrease In temperature occurs. The 
properties at different altitudes of Army summer air, 
which have been used In the calculations of the present 
series of papers, are given In table II and flrcures 1 
and 2. 

The NACA standard and Army summer atmospheres are 
compared In figure 1 with British standard atmospheres 
for subarctic, temperate, and tropical conditions. The 
Army summer atmosphere is similar to the British tropical 
summer atmosphere, which is based on mctcorolo.!;lcal 
observations made in India. The temperatures for the 
British tompcratc summer atmosphere, which is based on 
observations made in England, lie about halfway between 
those for Army summer and NACA standard atmospheres. As 
an aid in calculations, the stagnation temperatures, 
impact pressures, and stagnation densities of NACA standard 
and Army summer air are given for ranges of altitude 
and airplane speed in tables III to VIII. Because of 
entrance and duct losses, full impact pressure is 

rarely obtained at the face of a heat exchanger; 
accordingly, values of O.Sq^ and 0*9qQ arc also given, 
together with corresponding densities. The temperature 
rise (in °P) due to airplane speed is unaffected by duct 

losses and remains 1.8 (_°_) , where Vq la the airplane 
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speed In miles per hour. The temperature so computed Is 
taken as the temperature at the face of the heat exchanger. 



BLOKJIRED FLOW OF COOLING AIR 



The heat removed from the ooollnf;; element Is 
roughly proportional to some power of the mass flow M 
and to the difference between the' wall temporature t_ 
and the stac:natlon temperature t^ of the cooling air ■ 
at the Inlet; that la, 

Heat transfer a (t^ • tg)M^ 

where k Is of the order of 0*85 for radiators and 
0.65 for air-cooled engines. The equation Is not appre- 
ciably affected by oompresslbllity and remains valid 
even with the high flow velocities and lar^e density 
variations alon':; the ooollii:/ passs'jes that occur at 
hir^h altitudes. 

For constant heat transfer, then, 

" " ^ — ITS 

Since the temperature difference t^ - t^ increases 
with altitude, the mass flow required for constant 
cooling; , correspondingly decreases. Tills reduction of 
mass .fiow with increasing altitude is shown in fig- 
ure 3 for a typical air-cooled engine, ethylene-glycol 
radiator, and oil cooler. It is important to observe ' 
in this fi^re that the effect of the altitude on the 
temperature differences Is more pronounced for heat 
exchangers with low values of t^ than for ones with 
high values of t,,. For the oil cooler (tw • 175^ F),, 
tjf ta changes from 56° F at sea level to 176^ F at ■ 

40,000 feet, so that the required mass flow at 
40,000 feet, in the absence of congealing effects, is 
only 28 percent of that at sea level. For the air- 
cooled engine (t^ » 450° F) , with corresponding 

altitude change, t^ - t^ changes fz^m 331° F to 

450° F, so that the required mass flow at 40,000 feet 
is 60 perdent 'of tliat at sea level* 
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Division of the ordinate^ (mass flow) of; fl3ure Z. 
by the corresponding .dsnslties from table VIII results 
In a set of curves that show the variation of the 
required volume of cooling air with altitude (fig. 4) • 
For the air-cooled engine, tha necessary volume of 
cooling air Increases rapidly with altitude; whereas, 
for the radiator, the necessary volume Increases less 
rapidly and> for the oil cooler, .decreases at some - 
altitudes. For the lowest wall temperature, for 
example, the Increase with altitude of the temperature 
dlff'erehca t_, - t. Is more than enough to conipensate 

for the density decrease, and the ooollng capacity per 
luilt volume of air actually Increases with altitude. 



PRESSURE REQUIRED FOR COOLINfJ 



In the absence of compressibility effects - that 
Is, If the density of the air remained cor.c'.cut In 
passing through the cooling element - the pressure drop 
for either radiators or air-cooled engines is roughly 

proportional to M-*-'®/ . The pressure drop clearly 
Increases or decreases with Increasing altitude, 

depending on whether M^*^ decreases more or less 
rapidly than • The Incompressible pressure drop for 
the typical cooling elements of figures 3 and 4 has 
been plotted with dotted lines in figure' 5, At 
40,000 feet the Incompressible pressure drop is 1.45 
times that at sea level for the high- temperature air- 
cooled engine, about 0.3 times that at sea level for the 
low-temperature oil cooler, and slightly less than that 
at sea level for the Intermediate-temperature ethylene- 
glycol radiator. 

Further losses of pressure exist whenever a large 
reduction of density occurs along the cooling passages. 
These losse.s become important whenever the pressure drop - 
in the cooling passages Is an appreciable fraction of 
the absolute pressure or whenever the temperature rise 
Is ah appreciable fraction of the absolute temperature. - 
Since the relative changes in both temperature and 
pressure increase with altitude, compressibility becomes 
a dominant factor at high altitudes.' The additional 
pressure losses are of two kinds, both resulting from 
the Increase in velocity V that accompanies the 
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reduction In density. The first Is an Inoj^®"®. J'^ 
friction loss; for a uniform passage. In which the 
product V is constant, this loss may bo evaluated 
by considering the friction at each point to be pro- 
portlonal to V. The second is a loss that accompanies 
the acooleratlon; for a uniform passage, this loss Is 
numorloally equal to the Increase in dynamic. pressure 
A (pV^/2) , since it is the difference botwocn a statlo- 
prossuro drop equal to the moxnontum Inorcaco 
(pV)aV - a (pV^y and tho dynamic-pressure increase 

A(pV2/2)., 

Tae true total-proasuro loss, as corrected for 
these oomproaslblllty effects, is plotted in figure 5 
tot;other with tho uneorroetcd values. The ratio of tho 
two (designated compreosibility correction in fig, 5) 
at 40,000 feet is about 1.57 for the air-cooled engine, 
1,67 for tho othylene-glycol radiator, and 1.19 for the 
oil cooler. 

Those results show that, with increasinj^ altitude, 
tho hotter tho wall temp<»rature of the heat exchanger 
to be cooled and the higher the speed of the cooling 
air through the cooling passages, the greater will be 
the r atio of the pressure drop rciquircd at altitude to 
tho pressure drop required at sea level. Cooling 
difficulties at high altitudes arc greatest for air- 
cooled engine cylinders, less for ethylene-glycol 
radiators, and least for intcrcoolers. Intercoolers, 
unlike tho other heat exchangers, must dlFsioato an 
inoreasins quantity of hoat with incroasing altitude 
and thoroforo in the upper altitudes dp .not experience 
the re<luction. in Qooling-air mass-flow rate experienced 
by the other heat exchangers* Interooolor internal-flow 
velocities, however, are usually quite low and oom- 
preasibllity effects are correspondingly small. 

PRESSURE AVAILABLE FOR COOLING 

The maximum pressure available for cooling Is 
primarily determined by the flight dynamic pressure 
and is of about the same. order of magnitude. Fig- 
ures 6 and 7 show how this dynamic pres.-.:re varies 
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with (altitude for typical pursuit and bomber airplanes, 
respectively, In hlgh-spedd and cruising flight,, the 
variation of dynamic pressure with altitude la pronounced 
and In' either condition the dynamic pressure a,t ■ 
40,000 foot Is only about one-hGil.f that at sea level 
(f Ir".. 6) . For climbing flight, however, the change of 
dynamic pressure with altitude Is relatively small. 

Largo losses of . available pressure may rpdult from 
incorrectly desisncd cooling-air 4uots, so tJiat in hlgh- 
altltudo flight, for which the dynamic pressure 'Is 
already reduced, such losses may become very lmpoi*tant. 
Correct duct design haf been considered in- detaiT in 
,referenoe 4. 

As a means of Increasing the cooling pressure, 
cowling or duct outlet flaps are used to reduce the 
pro'SBure behind the heat, exchanger and to provide 
thereby an" over-all pressure' drop that is larger than 
the free-stream dynamic prGssurc", Augment' Kon of 
cooling by use of outlet flaps has generally been 
considered necessary only in cliibing flight. For 
many installations,' however, deflection of the outlet 
flaps is required when cruising at altitude. 

An effective moans of augmenting the available 
cooling pressure la the use of a cooling fan located, 
if possible, ahead of the engine or heat exchanger. 
Design methods and performance curves for cooling fans 
are given in reference 5. Analysis of fans for air- 
cooled engine Installations designed for "high- altitude 
flirrht shows that fan speeds of about 1.5 times the 
engine speed are needed for effective and efficient 
installations. Fans turning at propeller speed are not 
particularly useful in hlgh-altitudo fliijht. ■ 



COOLING Aim FERPOHKAIICE 

The cooling roquiroraents consldereably influence 
any calculations of alrr)lanc characteristics in high- 
a3.tltudo flight. In particular, the use of outlet 
flaps for incroasinf; the cooling pressure greatly 
increases the drag and seriously affects the perform- 
ance. In climbing flight, for example, large deflec- 
tions of the cowling flaps result in marked decreases 
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1x1 the rate of climb. This effoct Is Illustrated In 
figuFo 8 for a bomber airplane climbing at an altitude 
of 25,000 feet. The decreases become more pronounced 
as the altitude Increases. Similar ly, the cruising 
range Is greatly reduced If large flap deflection Is 
required for cooling. 

The flap and cooling drag,' furthermore, enter 
significantly into any computations of opti'ium flight 
conditions. For oxemplo. In the determination of the 
speed of best climb, the powcr-requlrcd curve must, at 
each speed, correspond to flight with the particular 
flap an(;lc that provides the' necessary cooling at that 
speed. In the determination of the best cruising speed, 
the fla.) end cpollug drag nill similarly depend, for 
each altitude and cnr;inc opcratin(;r condition considered, 
on the flap angle r oquirod to cool under that condition. 
A flap oiglc much in excess of the optimum, besides 
reducing the cx^lslnj ranfe, may dimlnlah rather than 
increase the cooling pressure, because the corresponding 
drag increase may appreciably reduce the speed. A 
typical chart for a bomber airplane sl -.:lJig the pressure 
available in cruising fll{^t plotted against cowl-flap 
deflection is c^ivcn in firrurc 9; cowl-flap deflections 
of over 10° or 12^ are not particularly effective in 
incrcasinrf the available) pressure drop. 



Accom'^anylng the Increase in the pressure required 
and the decrease in the prcsav-.re available for cooling 
at altitude is an increase in the cooling power required. 
If r-lxing and othor external effects acsoclated with the 
flow of low-energy air are disregarded, the drag 
associated with cooling is given by the momentum loss of 
tho cooling air 



T-FFF.CT OF ALTITUDF, ON POVffiR HJ.r.UIRED 



FOR COOLING 



. °c ■ - Vox) 



where 




cooling drag 



M 



mass flow of cooling air per second 
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airplane speed- 

V-_ velocity of cooline air, relative to airplane, 

when static pressure has returned to froe-stream 
static pressure 

The cooling power is then 

V D ■ I.W (V - V )■ 
o c. 0^0 ex' 

If the density of the cooling air is ossumcd constant, 
this cooling power is readily shown to equal the sum of 

M 

(1) the internal pump power -Ap required to pump the 

volume per second }S/p thro^Rh the coolin;: unit against 
the, pressure drop 6p and (2) the kinetic energy' 

gM(VQ - ^cx^^ poasesacd by the mass of cooling air per 

second K ihichy after it leaves tae airplan:., follows 
at a velocity - V^^, Thus, 

Sap + hlLiV - V )^ » f^PV 2 . Irv ■ 2 ■)+ lj.T(v - V )^ 
+ g o ex' P \2 o 2 *^3c J g o ®* 



55 ''v 2 - V ^ ) ISiv - V )' 
2 ^ox J g^'o ''ox' 



For low pressure drops, the kinetic-energy term is 
small in -comparison with the pressure term and the drag 
power simply equals the Internal pump power. For large 
pressure drops, the kSiJetlc -energy term becomes relatively 
larger and equals the internal pump power when the pres- 
sure drop equals the f ree-strcan dynamic pressure 

^pV 2; that is, when V is zero. For this caeo, the 
g o ' ' ex * 

dras power is twice the pump r«owcr. Actually, pressure 
drops of this na-7^itudc or higher normally coi^rospond 
to flicht with outlet flaps extended, for which tho 
accompanyin.':; energy losses in the cxj;erAal fl6w may 
result in a drag power that is several tires the pump 
power. 

The addition of heat to the cooling air in its 
passage through the heat exchanger may bo considered 
to have two opposing efJ'octs on tho cooling drag. The 
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dooreaaod donslty at tlio oxlt Implloa, for a given mass 
flow and internal pressure drop, increased exit 
velocity Vjyj^ end thus less momontum loss. The' pressure 
drop, however, as previously explained, i a increased by 
the addition of heat. If the pressure . drop is small 
relative to the flight dynamic pressure, the decreased 
exit density usually dominates and addition of heat 
reduces the drag; if the pressure drop is large relative 
to the flight dynamic pressure, addition of heat increases 
the drag, A more complete discussion of fin-, effects of 
heat addition on the drag power and the exit velocity. 
is given in reference 5. 

Bocouso of tho higher prosauro drop required at 
altitude, the power required to cool is incroaaed both 

by the larger ^p term in the cooling-power equation 
and by the decrease in the value of Vq^ in the kinetic- 
cnorcy tcm. The larj;c cooling powers required at high 
altitudes can be •■.ro'itly reduced by improving or 
enlarginc the heat exchanger . In most cases, the 
installation of large heat cxohancera t r at-nnly a design 
problem but, for oir-oo61ed engines, bcc(j.:ica a matter 
of engine-cylinder design. Tho high cost in power of 
attomptln(^ to opcj'at high oltitudca with engines 
designed for low-altitude operation - as is tho case 
for moat air-cooled cnginea in general ua' at present - 
ia illuatratcd in figure 10. It will uc obaervod that 
the power required at an altitude of 39,000 feet ia 
about IS timea that at sea lovcl. Tiro low cooling 
power at aea level reaulta from the recovery of a part 
of tho hoot energy that haa been addc^ to tho cooling 
air. The large cooling power required at 39,000 feet 
ia due to the large volume of cooling air needed, the 
high pressure drop therefore necessary, and the large 
wake loss rcaulting from a preaaure drop almost equal to 
tho flight dynamic preaaure. The use of e fan to 
eliminate this wnko loss effects a large saving of 
cooling drag power, Tho value of the cooling power for 
the engine Inatallatlon with the fan Includca tho power 
to drive the fan. A quantitative dlacussion of tho 
off ectivencsa ot^ fens in doorcaaing the cooling power 
required ia given in reference 5. 
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CpIJGUJSIONS 



1. The Pooling of aircraft povor-plant installa- 
tions Is moro difficult in high-altitude flight than at 
sea level bocauso' of the increase in the pressure drop 
required for cooling and the decrease Ih the available 
pressure drop. 

2. High pressure drops required for cooling- at 
altitude result from large air-flow volocltlos and 
accelerations through tho hoat-oxchangcr passages. 

3. Cowling-flap deflections of more than 10° to 12° 
are relatively inoffcctivo in cruising flight, iarge 
cowl-flap deflections cause extreme reduction in cruisizig 
range and rato of climb. 

4. A cooling fan located ahead of the heat exchanger 
provides an efficient method for increasing tho pressure 
available for cooling. 

5. The power required for cooling increases with 
altitude and in the absence of a fan may, at 39,000 feet, 
be as nuoh as 12 times- the sea-level cooling power. 

« 

Langloy Ucmorlal Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langloy Field, Va, 
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TABI£ I 

PHYSICAL PROPERTIES OP HACA STANDARD ATMOSPHERE" 



Altitude 
(ft) 



(Ib/aq ft) 



(°P abs.) 



(aluga/eu ft) 



(p/%l) 



0 

1,000 
2,000 

5,000 
k.ooo 
5,000 

6,000 
7,000 
8,000 

9,000 

10,000 

11,000 
12,000 
1J,000 
lli.,000 
15,000 
16.000 
17,000 
18,000 
19,000 
20,000 

21,000 
22,000 
2 J, 000 
2l|.,000 
25,000 
26,000 
27,000 
28,000 
29,000 

30,000 
31,000 

52,000 

35.000 
3U.,ooo 
35,000 

36,000 
37,000 
38,000 
59,000 

kO.OOQ 

14.1,000 
li2,000 
li3,000 

liIi.,ooo 
li.5,000 
U.6,000 
li.7,000 

lis, 000 
U9,ooo 

50,000 

51,000 

52,000 
55,000 
5li.,ooo 

55,000 
56,000 
57,000 
58,000 
59.000 

60,000 

61,000 

62,000 

63,000 
6ii.,ooo 
63,000 



2116 

20^1 

1827 
1760 
1696 
1633.2 
1571.6 
1512.2 
lfi.55.6 

1599.7 

l3i|.6.o 

1293.7 
1242.7 
1193.9 
11I4.6.5 

1100.6 

1056.7 
1015.6 
972.5 
952.2 



§55 
819 
785 

"751 

718 
687 



8 
1 

2 

6 
5 

628 !i 
600.0 

575.0 

521.8 

497.7 

C52.3 
C51.2 
5ii.i 

591-9 
575.7 

556.2 

559 •§ 
323.8 

308.7 

29U.2 
280.5 

267 .C 

251^.9 
245.0 

251.7 
220.9 
210.6 
200.8 

182.6 
174.0 
I6S.9 
158.2 
150.8 

143.8 

134.1 
130.6 
124.6 
118.8 



5l8.k 
514.8 
511.5 
507.7 
504.1 
500.6 
497.0 
495.4 

486.5 
482.7 

479.2 
475.6 
472.0 
468.5 
464.9 
461. g 

mi 

444.5 
45?.? 
456.4 
452.6 

429.2 

425.7 
422.1 
418.5 
415.0 
411.4 
407.8 

404.3 
400.7 
397.2 
395.6 
392.4 



392.4 



0.002378 
.002309 
.002242 
.002176 
.002112 
.002049 
.001988 
.001928 
.001869 
.001812 
.001756 

.001702 
.001648 
.001596 
.001545 

.001496 

.001448 
.ooi4oi 

.001555 
.001311 
.001267 

.001225 
.001185 
.001145 
.001105 
.001065 
.001028 
.000992 
.000957 

.000922 
.000889 

.000857 
.000826 

.000795 
.000765 

.000756 
.000704 
.000671 
.000640 
,000610 
.000582 

.000554 
.000529 
.000504 

.ooo48i 
.000459 

.000457 
.000417 
.000597 
.000579 
.000561 

.000544 
.000528 
.000512 
.000298 
.000284 
.000271 
.000258 

.000246 

.000254 
.000224 

.600214 
.000205 
.000194 

.000185 
.000176 



1.000 

.971 
.945 

'.III 
.862 
.856 
.811 
.786 
.762 

.738 

.715 
.693 
.671 

.650 
.629 
.609 

.589 
.570 

.551 
.533 

.515 

ill 

.464 
.443 
.43^ 
.417 

.402 

.588 
.574 
.560 
.347 
.554 
.522 
.510 
.296 
.282 
.269 
.257 
.245 

.255 
.222 
.212 
.202 

:m 

.175 

.167 

.159 

.152. 

.145 
.158 
.151 

.125 
.120 
.114 
.109 
.104 
.09? 
.094 
.090 
.086 
.082 
.078 
.074 



*Data from rafarenee 6. 



NATIONAL ADVISORY 
COMHITTCE rat XEMMMUTICS. 



NACA ARR No. L4I11 

TABIX ZX 

FHYSICAL PROPERTIES OP ARMY StnOIER ATMOSPHERE 



Altltud* 

(ft) 



(Ib/sq ft) 



«ba.) 



(alug«/eu ft) 



0 

1.000 

2,000 

5,000 
U,ooo 
5,000 

6.000 
7.000 
8.000 

9,000 

10,000 

11,000 
13,000 

g,000 
,000 

15,000 

16,000 
17,000 
18,000 

19,000 

20.000 

21,000 
22.000 
2^,000 
21^.000 
25,000 
26,000 
27,000 
26.000 
29,000 

50,000 

51,000 

52,000 

35,000 
511,000 
55,000 
56,000 
57,000 

58,000 

59,000 

to, 000 

1(.1,000 
1^2,000 

U5,ooo 
u.ooo 
li.5,000 
us, 000 

li.7,000 
P,000 

U9,ooo 
50^000 

51,000 

52.000 

55.000 
5li.,ooo 
55,000 

56.000 
57,000 
58,000 
59,000 
60.000 

61,000 

62.000 

65,000 

6I|.,ooo 
65,000 



2116.2 
20L1.5 

1967.7 

1895.5 
1827.7 
1760.5 
1696.1 
1653.2 
1571.6 
1512.2 
455.6 

1599.7 

1546.0 

1293.7 

12lt2.7 

im:i 

1100.6 

1056.7 
1015.6 
972.5 
952.2 

§55.8 
819.8 

785.1 

718.6 
687.5 

ell'.i 

600.0 

573.0 

5U6.9 
521.8 

W7.7 

U52.5 
U51.2 
Ull.l 
591.9 

575.7 
556.2 

55?. 6 
' .8 

29^.2 

280.5 

267.4 
25l»..9 

245.0 

251.7 
220.9 

210.6 
200.8 

182.6 
165.9 

i58.a 
150.8 

1U5.8 
137.1 
150.6 
124.6 
118.8 



559.4 
555.8 
552.2 

548.6 

545.0 

541.4 
557.8 
554.2 
550.6 
527.0 
525.4 
519.8 
516.2 
512.6 
509.0 
505.4 

501.8 

fell 

483.8 
;80.2 
;76.6 
^73.0 
469.4 
465.8 

;62.2 
4.58.6 

i5i.4 
447.8 
44.2 

457.0 

422.6 
419.0 
415.4 

Uii.S 
408.2 
kok.6 
401.0 
597.4 
595.8 
592.4 
'1^ 



592.4 



0.00220I1. 
.002139 
.002076 
.002015 
.001255 
.001894 
.001857 
.001781 
.001725 
.001671 
.001620 

.001569 
.001519 
.001470 
.001^22 

.001576 
.001551 
.001267 
.001244 

.001202 
.001162 

.001123 
.OOIO8L 
.OOIOU6 
.001010 

.000974 
.000959 
.000906 
.000875 
.000841 
.000810 

.000^80 
.000751 
.000725 
.000695 
.000669 
.000641 
.000618 
.000594 
.000571 
.000550 

.000529 
.000508 
.000489 
.000470 
.000452 

.000455 
.ooo4i6 
.000597 
.000578 
.000361 

.000514 
.000528 
.000513 
.000290 
.00028I4. 
.000271 
.000258 

.000246 

.000255 
.000224 

.000215 
.000205 
.000124 
.000185 
.000176 



0.927 
.899 

■p 

.821 
.796 
.772 
.749 
.725 
•7§5 
.681 

.659 

'ill 
.598 
.579 
.560 
.541 
.525 

.489 
.j+7| 

!ii4o 
.424 
.410 

.381 
.367 

.541 

.528 
.516 
.50U 

.293 
.281 
.270 
.260 
.250 
.240 
.251 
.222 
.214 
.206 
.198 
.190 
.165 
.175 
.167 
.159 
.152 

•145 
.158 
.152 
.135 
.119 
.114 
.106 
.105 
.09? 
.094 
.090 
.085 
.083 
.078 
.074 



NATIONAL ADVISORY 
COMHITTEE FDt MIOIIMITICS. 



tabi;e III 



N/kTIONAL ADVISORY 

STAOKATIOH TEMPERATURES, HACA STANDARD ATMOSPHEBB committ£e roi aoohjuti 





Tenperature, °P aba. 


SAlrspeed 

>s. (nph) 

Alt^ 

(ft) \ 


100 


150 


200 


225 


250 


275 


300 


525 


550 


375 


400 


425 


450 


475 


500 


525 


550 


575 


600 


0 

2,000 
lt.,000 
6,000 
8,000 
10,000 
12,000 
llj.,000 
16,000 
18,000 
20,000 
22,000 

26,000 
28,000 
50,000 
52,000 

5U,ooo 

55,552 
and 
higher 
altitudea 


520.2 
515.1 
505.9 
498.8 
491.7 
484.5 

477.4 
470.5 

li6n T 

456.0 

448.9 

441.7 

454.6 
427.5 
420.5 
415.2 

406.1 
599.0 


522.5 
515.4 
508.2 
501.1 
494.0 
486.8 

479.7 
472.6 

458.5 
451.2 

444.0 
456.9 
429.8 
422.6 
415.5 
408.4 
401.5 


525.6 
518.5 
511.3 
504.2 
497.1 
489.9 
482.8 
475.7 

461.4 

454.3 
447.1 
440.0 

432.9 
425.7 
418.6 

411.5 
404.4 


527.5 
520.4 
513.2 
506.1 
499.0 
491.8 
484.7 

477.6 

Ii7n )i 
if ( w»4 

463.5 
456.2 

449.0 
441.9 
454.8 

427.6 
420.5 

413.4 
406.5 


529.7 
522.6 

515.4 
508.5 
501.2 
494.0 

486.9 
479.8 

)i72 6 
465.5 
458.4 
451.2 

444.1 
457.0 
429.8 
422.7 
415.6 
408.5 


552.0 
524.9 
517.7 
510.6 
503.5 
496.3 
489.2 
482.1 

)i7)] Q 
467.8 
460.7 
455.5 

446.4 
459.5 
452.1 
425.0 
417.9 
410.8 


534.6 

527.5 
520.5 
515.2 
506.1 
498.9 
491.8 

484.7 

)i77 

470.4 
463.5 
456.1 
449-0 
441.9 
454.7 
427.6 
420.5 
415.4 


557.4 
550.3 
523.1 
516.0 
508.9 
501.7 
494.6 
487.5 

473.2 
466.1 
458.9 
451.8 
444.7 
437.5 
450.4 
425.5 
416.2 


540.5 
553.4 
526.2 

519.1 
512.0 
504.8 

497.7 

490.6 

i+oy .4 
476.3 
469.2 
462.0 
454.9 

447.8 
440.6 

455.5 
426.4 

419.5 


543.7 
536.6 

529.4 
522.5 
515.2 
508.0 
500.9 
493.8 
486.6 
479.5 
472.4 
465.2 
458.1 
451.0 
443.8 
436.7 
429.6 
422.5 


547.2 
540.1 
552.9 
525.8 
518.7 
511.5 
504.4 
497.5 

485.0 
475.9 

468.7 
461.6 
454.5 
447.5 
440.2 

455.1 
426.0 


550.9 
545.8 
556.6 
529.5 
522.4 
515.2 
508.1 
501.0 

486.7 
479.6 
472.4 
465.5 
458.2 
451.0 
445.9 
456.8 

429.7 


554.9 
547.8 
540.6 
555.5 
526.4 
519.2 
512.1 
505.0 

liQ7*8 

*f7 f 

490.7 
483.6 

476.4 
469.5 
462.2 
455.0 
447.9 
440.8 
455.7 


559.0 
551.9 
544.7 
55?. 6 

550.5 
525.5 
516.2 

509.1 

494.8 
487.7 
480.5 
475.4 
466.5 
459.1 
452.0 

444.9 
457.8 


565.4 
556.5 
549.1 
542.0 

554.9 
527.7 
520.6 

515.5 

499.2 
492.1 

484.9 

477.8 
470.7 
465.5 
456.4 
449.5 
442.2 


568.0 
560.9 
555.7 

546.6 
539.5 
532.3 
525.2 
518.1 

505.8 
496.7 
489.5 

482.4 
475.5 
468.1 
461.0 
455.9 
446. » 


572.9 
565.8 
558.6 
551.5 
544.4 
557.2 
530.1 
523.0 
SIS. 8 

508.7 
501.6 

494.4 
487.5 
480.2 

475.0 
465.9 
458.8 

451.7 


577.9 
570.8 

565.6 
556.5 
549.4 
542.2 

555.1 
528.0 
520.8 

515.7 
506.6 

499.4 
492.5 
485.2 
478.0 

470.9 
465.8 
456.7 


585.2 
576.1 
568.9 
561.8 
554.7 
547.5 
540.4 
555.5 
526.1 
519.0 
511.9 
504.7 
497.6 
490.5 
485.5 
476.2 

469.1 
462.0 


394.2 


396.5 


399.6 


401.5 


405.7 


406.0 


408.6 


411.4 


414.5 


417.7 


421.2 


424.9 


428.9 


455.0 


457.4 


442.0 


446.9 


451.9 


457.2 



TABLE IV 

STAaNATION TEUFERATURES , ARHY StnOiER ATMOSPHERE 
Temperature, °F a1>s. 



NATIONAL ADVISORY 
CONHITTEE FM AEMNWTICS. 



\Alrapeed 

X (mph) 

AltlrV 
tude \. 


100 


150 


200 


225 


250 


275 


500 


325 


550 


575 


1*00 


1*25 


1*50 


1*75 


500 


525 


550 


575 


600 


0 


561.2 


563.5 


566.6 


568.5 


570.7 


575.0 


575.6 


578.1* 


581.5 


581*.7 


588.2 


591.9 


595.9 


600.0 


6ol*.l* 


609.0 


615.9 


618.9 


624.2 


2,000 


55U.O 


556.5 


559.1* 


561.3 


565.5 


565.8 


568.1* 


571.2 


57l*.5 


577.5 


581.0 


581*.7 


588.7 


592.3 


597.2 


601.3 


606.7 


611.7 


617.0 


U.ooo 


5h6.8 


5U9.1 


552.2 


551*. 1 


556.3 


558.6 


561.2 


561*.0 


567.1 


570.5 


575.8 


577.5 


581.5 


585.6 


590.0 


59l*.6 


599.5 


604.5 


609.8 


6,000 


539.6 


51*1.9 


51*5.0 


51*6.9 


51*9.1 


551.1* 


55l*.o 


556.8 


559.9 


565.1 


566.6 


570.3 


57l*.3 


578.1* 


582.8 


587.1* 


592.3 


597.3 


602,6 


8,000 


532.1* 


531* .7 


537.8 


539.7 


51*1.9 


5l*l*.2 


51*6.8 


51*9.6 


552.7 


555.9 


559.1; 


563.1 


567.1 


571.2 


575.6 


580.2 


585.1 


590.1 


595.4 


10,000 


525.2 


527.5 


530.6 


532.5 


55U.7 


557.0 


559.6 


51*2.1* 


51*5.5 


5U8.7 


552.2 


555.9 


559.9 


561*.o 


568.1* 


575.0 


577.9 


582.9 


588.2 


12,000 


518.0 


520.3 


523 .u 


525.3 


527.5 


529.8 


532.1* 


555.2 


538.5 


51*1.5 


51*5.0 


51*8.7 


552.7 


556.8 


561.2 


565.8 


570.7 


575.7 


581,0 


lit., 000 


510.8 


513.1 


516.2 


518.1 


520.5 


522.6 


525.2 


528.0 


551.1 


53l*.5 


557.8 


51*1.5 


51*5.5 


51*9.6 


55l*.0 


558.6 


563.5 


568,5 


575.8 


16,000 


503.6 


505.9 


509.0 


510.9 


513.1 


515.1* 


518.0 


520.8 


523.9 


527.1 


530.6 


53l;.3 


538.3 


51*2.1* 


51*6,8 


55l.ll- 


556.5 


561.3 


566.6 


18,000 


Ii96.l4 


1*98.7 


501.8 


505.7 


505.9 


508.2 


510.8 


513.6 


516.7 


519.9 


525.1* 


527.1 


531.1 


535.2 


559.6 


5l*l*.2 


51*9.1 


554.1 


559.4 


20,000 


U89.2 


1*91.5 


l».9l*.6 


1^96.5 


1*98.7 


501.0 


505.6 


506.1* 


509.5 


512.7 


516.2 


519.9 


523.9 


528.0 


552.1* 


537.0 


51*1.9 


546.9 


552.2 


22,000 


U82.0 


l*8l*.3 


ltB7.1* 


1*89.5 


1*91.5 


1*95.3 


1*96.1* 


1*99.2 


502.5 


505.5 


509.0 


512.7 


516.7 


520.8 


525.2 


529.8 


53I1.7 


559.7 


545.0 


2l(.,000 




1*77.1 


I4.80.2 


14.82.1 


1*81*.5 


1*86.6 


1*89.2 


1*92.0 


1+95.1 


1*98,5 


501.8 


505.5 


509.5 


513.6 


513.0 


522.6 


527.5 


552.5 


557.8 


26,000 


U67.6 


1*69.9 


1*75.0 


l*7l*.9 


1*77.1 


1*79.1* 


1*82.0 


1*81*. 8 


1*87.9 


1*91.1 


l*9l*.6 


1*98.5 


502.5 


506.1* 


510.8 


515.1* 


520.3 


525.3 


550.6 


28,000 


I4.60.I4 


1*62,7 


1*65.8 


1*67.7 


1*69.9 


1*72,2 


1*71*. 8 


1*77.6 


1*80,7 


1*85.9 


I187.I* 


1*91.1 


1*95.1 


1*99.2 


505.6 


508,2 


515.1 


518.1 


523.4 


30,000 


14,55.2 


I4.55.5 


1*58.6 


1*60.5 


1*62.7 


1*65.0 


1*67.6 


1*70.1* 


1*75.5 


1*76,7 


I4.80.2 


1*85.9 


1*87,9 


1*92.0 


1*96.1* 


501.0 


505.9 


510.9 


516.2 


32,000 


141+6.0 


1*1*8.5 


1*51. U 


1*55.3 


1*55.5 


1*57.8 


1*60.1* 


1*65.2 


1*66.5 


1*69.5 


1*73.0 


1*76.7 


1*80,7 


1*31*. 3 


1*89.2 


1*93.8 


498.7 


503.7 


509.0 


jU.ooo 


1*38.8 


141*1,1 


W*.2 


1*1*6.1 


U*8.5 


1*50.6 


1*53.2 


1*56.0 


1*59.1 


1*62.3 


1*65.8 


1*69.5 


1*75.5 


1*77.6 


1*32.0 


1*86.6 


491.5 


496.5 


501.8 


36,000 


1*51.6 


1*53.9 


lt.87.0 


U38.9 


1*1*1.1 


1*1*3.1* 


1*1*6.0 


1*1*8.8 


1*51.9 


1*55.1 


1*58.6 


1*62.5 


1*66.5 


1*70.1* 


l*7l*.8 


1*79.4 


484.3 


489.3 


494.6 


38,000 


U2U.I4 


1*26,7 


1*29.8 


1*31.7 


1*33.9 


1*56.2 


1*58.8 


l4ia.6 


W*.7 


1*47.9 




1*55.1 


1*59.1 


1*63.2 


1*67.6 


1*72.2 


477.1 


482,1 


487.4 


Uo,ooo 


U17.2 


ia9.5 


1*22.6 


I*2J*.5 


1*26.7 


1*29.0 


1*31.6 


l*5l*.l* 


1*57.5 


1*1*0.7 




1*1*7.9 


1*51.9 


1*56.0 


1*60.1; 


1*65.0 


469.9 


474.9 


480.2 


Uz.ooo 


I4.10.0 


1*12.3 


1*15.1* 


1*17.5 


la9.5 


1*21.8 


l*2l*.l* 


1*27.2 


1*50.5 


1*35.5 


1*37.0 


1*1*0.7 


y*i*.7 


1*1*8.8 


1*53.2 


1*57.8 


462.7 


467.7 


473.0 


1)1)., 000 


1*02.8 


1*05 il 


1*08.2 


lao.i 


1*12.5 


l*ll*.6 


1*17.2 


1*20.0 


1*25.1 


1*26.5 


1*29.8 


1*53.5 


1*57.5 


1*1*1.6 


1*1*6.0 


U50.6 


455.5 


460.5 


465.8 


14.6,000 


595.6 


397.9 


1*01.0 


1*02.9 


1*05.1 


1*07.1* 


1*10.0 


1*12.8 


la5.9 


1*19.1 


1*22.6 


1*26.5 


1*50.5 


l*3l*.l* 


1*53.8 


1*1*5.1* 


448.3 


453.3 


458.6 


14.6,500 

and 
higher 


59l*.2 


396.5 


399.6 


1*01.5 


1*05.7 


1*06.0 


1*03.6 


1*11.1* 


l*ll*.5 


ia7.7 


1*21.2 


l*2l*.9 


1*28.9 


1*53.0 


1*57.1+ 


1*1*2.0 


446.9 


451.9 


457.2 


altitudes 
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TABU V 

NATIONAL ADVISORY 

mPACT nOBSURBS, KAOA STANnun) ATMOSPHBtX COMHITTEE FM AEKWiUTicS. 















Fraasura, 


Ib/aq ft 














NAlrspaad 
































\ (apb) 




































100 












aoo 












2S0 




tud* \ 
































(ft) N 


































1e 


0.9q„ 


o.aq,. 


fle 


0.94e 






0.9a. 


0.8a. 


1c 


0.9q, 


O.Sqe 


<le 


0.9q<j 


0.8q« 


0 


26.7 


23.1 


20.6 


68.2 


62.4 


46. • 


104.2 


93.8 


83.4 


132.6 


119.3 


106.0 


164.4 


14S.0 


131.5 


2,000 


24.2 


21.8 


19.4 


54.9 


49.4 


43.9 


98.2 


88.4 


78.6 


124.9 


112.4 


99.9 


155. 0 


139.6 


124,0 


4,000 


22.8 


20.6 


18.2 


51.7 


46.8 


41.4 


92.6 


83.3 


74.1 


117.7 


105.9 


94.2 


140.0 


131.4 


IMtt 


fl,000 


21.5 


19.4 


17.2 


48.8 


43.9 


39.0 


87.2 


78.5 


tO'Jt 


110.9 


99.8 


88.7 


137.6 


123.8 


110.1 


8,000 


20.2 


18.2 


16.2 


45.8 


41.2 


36.6 


82.0 


73.8 


65.6 


104.3 


93.9 


83.4 


129.3 


116.4 


103.4 


10,000 


19.0 


17.1 


15.2 


43.1 


38.8 


34.5 


77.1 


69.4 


61.7 


98.0 


88.2 


78.4 


121.6 


109.4 


97.3 


12,000 


17.8 


16.0 


14.2 


40.4 


36.4 


32.4 


72.2 


65.2 


S7.9 


92.0 


82.8 


73.6 


114.2 


102.8 


91.4 


14,000 


16.7 


16.0 


13.4 


37.9 


34.1 


30.3 


67.8 


61.0 


S4.2 


86.3 


77.7 


69.0 


107.1 


96.4 


85.7 


16,000 


16.7 


14.1 


12 .« 


35.5 


32.0 


2B.4 


63.5 


67.2 


60.9 


80.9 


78.8 


64.7 


100.4 


90.4 


80.3 


18,000 


14.7 


13.2 


11.8 


33.2 


29.9 


26.6 


59.5 


58.6 


47.6 


78.7 


68.1 


60.6 


94.0 


84.6 


75.2 


20,000 


13.7 


12.3 


11.0 


31.1 


28.0 


24.9 


55.7 


50.1 


44.6 


70.8 


65.7 


66.6 


87.9 


79.1 


70.3 


22,000 


12.8 


11.5 


10.2 


29.0 


26.1 


23.2 


52.0 


46.8 


41.6 


66.2 


69.6 


53.0 


82.1 


73.9 


es.7 


OA fW^ 

84, WU 




1 rt t 
XU. / 




^ / . X 


OA A 


21.7 


48.5 


43.7 


38.8 


61.7 


55.5 


49.4 


/D .0 


00 .V 




26,000 


11.1 


10.0 


8.9 


25.2 


22.7 


20.2 


45.2 


40.7 


36.2 


67.5 


51.8 


46.0 


71,4 


64.3 


57.1 


28,000 


10.3 


9.3 


8.2 


23.5 


21.2 


18.8 


42.1 


37.9 


33.7 


53.6 


48.2 


42.9 


66.5 


59.9 


53,2 


30,000 


0.6 


6.6 


7.7 


21.8 


19.6 


17.4 


39.1 


35.2 


31.3 


49.6 


44.8 


39.8 


61.8 


56.6 


49.4 


32^000 


8.9 


8.0 


7.1 


20.3 


18.5 


16.2 


36.4 


32.6 


29.1 


46.3 


41.7 


37.0 


57.5 


01.9 


AM A 

46. U 


34 000 


6.3 


7.5 


6.6 


18.8 


16.9 


15.0 


33.7 


30.3 


27.0 


42.9 


38.6 


34.3 


53.2 


47.9 


42,6 


36*000 


7.6 


6.8 


6.1 


17.3 


16.6 


13.8 


31.0 


27.9 


24.8 


39.5 


36.6 


31.6 


49.1 


44.2 


39,3 


38,000 


6.9 


6.2 


6.5 


15.7 


14.1 


12.6 


28.2 


25.4 


22.6 


35.9 


32.2 


28.7 


44.6 


40.1 


35,7 


40,000 


6.3 


5.7 


5.0 


14.5 


12.9 


11.4 


25.7 


23.1 


20.6 


32.6 


29.3 


26.1 


40.6 


36.5 


32,6 


42 000 


6.7 


5.1 


4.6 


13.0 


11.7 


10.4 


23.3 


21.0 


18.6 


29.7 


26.7 


23. B 


36.9 


33,2 


29.6 


44^000 


6.2 


4.7 


4.2 


11.8 


10.6 


9.4 


21.2 


19.1 


17.0 


27.0 


24.3 


31.6 


33.5 


30.2 


26.8 


46,000 


4.7 


4.2 


3.8 


10.7 


9.6 
8.1 


8.6 


19.3 


17.4 


16.4 


24.5 


22.1 


19.6 


30.4 


27,4 


24.3 


48,000 


4.3 


3.9 


3.4 


9.T 


7.8 


17.5 


15.8 


14.0 


22.3 


20.1 


17.8 


27.7 


24.9 


23.8 


60,000 


3.9 


3.6 


3.1 


8.9 


8.0 


7.1 


15.9 


14.3 


12.7 


20.2 


18. t 


16.2 


25.2 


22.7 


20,8 














Praaaura, 


Ib/aq ft 










































\ (Bph) 
































AltlV. 




275 






SCO 






325 






3B0 






875 




































(ft) \ 


































1c 


0.9^0 


0.8qg 


•lo 


0.9^0 


0-Bqc 


% 




O.S<lo 


Ic 


0-9<lc 


0.8qg 


'c 


0,9qg 


0,8qg 




199.9 


179.9 


159.9 


239.3 


215.4 


191.4 


282.7 


254.4 


226.2 


330.4 


297.4 


264.3 


382.1 


343,9 


305.7 


2 000 


186.6 


169.7 


150.9 


225.8 


203.2 


180.6 


266.6 


240.1 


213.4 


311.8 


260.6 


249.4 


360.6 


324,5 


288.5 


4 000 


177 .7 


159.9 


142.2 


212.7 


191.4 


170.2 


251.3 


226.2 


201.0 


293.7 


264.3 


235.0 


559.7 


306,7 


271.8 


6,000 


167.4 


150.7 


133.9 


200.4 


180.4 


160.3 


236.8 


213.1 


189.4 


276.7 


249.0 


221.4 


320.1 


288,1 


256.1 


8 000 


157.4 


141.7 


125.9 


168.4 


169.6 


150.7 


222.6 


200.5 


178.2 


260.4 


234.4 


208.3 


301.2 


271.1 


241.0 


10 000 


147.9 


133.1 


118.3 


177m3 


159.5 


141.8 


209.6 


168.6 


167.7 


244.9 


220.4 


195.9 


283.3 


255,0 


236.6 




138.9 


125.0 


111.1 


166.6 


149.9 


133.2 


196.9 


177.2 


157.6 


230.0 


207.0 


184.0 


266.1 


239,5 


212.9 


14 000 


150*4 


117.4 


104 .3 


156.1 


140.5 


124.9 


164.7 


166.2 


147.8 


215.9 


194.3 


172.7 


249.7 


224.7 


199,8 


16^000 


122.2 


110.0 


97.8 


146.4 


131.8 


117.1 


173.1 


155.8 


138.5 


202.5 


182.3 


162.0 


234.2 


210.8 


187.4 


18,000 


114.5 


103.1 


91.6 


137.1 


123.4 


109.7 


162.2 


146.0 


129.8 


189.7 


170.7 


151.8 


219.6 


197.6 


175.7 


20,000 


107.0 


96.3 


85.6 


128.3 


115.6 


102.6 


151.8 


136.6 


121.4 


177.5 


159.6 


142.0 


205.5 


165,0 


164.4 


22,000 


100.0 


90.0 


80.0 


120.0 


108.0 


96.0 


141.9 


127.7 


113.5 


165.8 


149.2 


132.6 


192.1 


172,9 


163.7 


24,000 


93.3 


84.0 


74.6 


111.8 


100,6 


89.4 


132.4 


119.2 


105.9 


164.7 


139.2 


123.8 


179.3 


161.4 


143,4 


26,000 


87.0 


78.3 


69.6 


104.3 


93.9 


83.4 


123.4 


111.1 


98.7 


144.3 


129.9 


lie. 4 


167.2 


160.4 


133.8 


28,000 


81.1 


73.0 


64.9 


97.2 


87.5 


77.8 


115.0 


103.5 


92.0 


134.5 


121.1 


107.6 


156.0 


140.4 


124,8 


30,000 


75.4 


67.9 


60.3 


90.4 


81.4 


72.3 


106.9 


96.2 


85.5 


125.2 


112.7 


100.2 


145.0 


130.5 


116.0 


32,000 


70.0 


63.0 


56.0 


84.1 


75.7 


67.3 


99.4 


69.5 


79.5 


116.4 


104.8 


93.1 


136.0 


121,5 


108.0 


34,000 


64.9 


58.4 


51.9 


77.9 


70.1 


62.3 


92.2 


83.0 


73.8 


107.9 


97.1 


86.3 


125.3 


112,8 


100.2 


36,000 


59.8 


53.8 


47.8 


71.7 


64.5 


67.4 


84.9 


76.4 


67.9 


99.4 


89.5 


79.6 


115.4 


103.9 


92.3 


38,000 


54.4 


49.0 


43.5 


65.2 


58.7 


82.2 


77.2 


69.5 


61.8 


90.4 


81.4 


72.3 


104.9 


94,4 


83.9 


40,000 


49.4 


44.5 


39.5 


59.3 


53.4 


47.4 


70.2 


63.2 


56.2 


82.2 


74.0 


65.8 


95.4 


85.9 


76.3 


42,000 


44.9 


40.5 


35.9 


63.9 


48.6 


43.1 


63.8 


57.4 


51.0 


74.7 


67.2 


50.8 


86.7 


78,0 


69.4 


44,000 


40.9 


36.8 


32.7 


49.0 


44.1 


39.2 


56.0 


52.2 


46.4 


67.9 


61.1 


64.3 


78.8 


70,9 


63.0 


46,000 


37.1 


33.4 


- 29.7 


44.5 


40.1 


35.6 


52.7 


47.4 


42.2 


61.7 


55.5 


49.4 


71.6 


64,4 


67.3 


48,000 


33.7 


30.3 


27.0 


40A 


36.4 


32.3 


47.9 


43.1 


36.3 


56.0 


50.4 


44.6 


65.1 


68.6 


52.1 


60,000 


30.7 


27.6 


24.6 


36.8 


33.1 


29.4 


43.5 


39.2 


34.8 


51.0 


46.9 


40.8 


59.2 


53,3 


47.4 
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TABU V - Coaeludad 
IMPACT PRISSniBB, KACA STAKSARD ATHOSPBBRB - Conelndad 



Prasvura, Ib/iq ft 



(■ph) 

Altl^ 
tuda ' 
(ft) 



400 



425 



460 



476 



600 



0 

2,000 
4.000 
6,000 
8,000 
10,000 
IS, 000 
14,000 
10,000 
18,000 
20,000 
22,000 
24,000 
88,000 
28,000 
39,000 
32,000 
34,000 
38,000 
38.000 
40,000 
42,000 
44,000 
46,000 
48.000 
60,000 



438.1 
413.4 
S89.8 
367.2 
345. 9 
325.5 
305.6 
286.7 
269.2 
252.2 
236.2 
220.8 
206.2 
192.4 
179,4 
108.8 
IBS. 3 
144.1 
132.7 
120.7 
109.7 
99.7 
90.7 
82.4 
74.8 
68.1 



o.»q. 



394.3 

372.1 
350.8 
530.6 
311.3 
292.8 
275.0 
258.0 
242.3 
227.0 
212.6 
198.7 
185.6 
173.2 

lei.s 

160.1 
139.8 
129.7 
119.4 
108.6 
98.7 
89.7 
81.6 
74.2 
67.3 
01.3 



0.8<l, 



360. 5 
330.7 
511.8 
S93.S 
276.7 
260.2 
244.5 
229.4 
215.4 
201.8 
189.0 
176.6 
165.0 
153.9 
143.5 
133.4 
124.2 
115.3 
106.2 
90.6 
87.8 
79.7 
72.6 
65.9 
59.8 
B4.B 



499.2 
471.1 
444.6 
418.8 
594.1 
371.0 
348.8 
327.3 
307.3 
287.9 
269.4 
252.0 
235.2 
219.6 
204.8 
190.8 
177.4 
164.6 
151.6 
137.8 
125.3 
113.9 
103.6 
94.1 
85.5 
77.7 



0.9q, 



449.3 
424.0 
400.1 
376.9 
354.7 
533.9 
313.9 
294.6 
276.6 
259.1 
242.5 
226.8 
211.7 
197.6 
184.3 
171.6 
159.7 
148.1 
136.4 
124.0 
112.8 
102. S 
93.2 
84.7 
77.0 
B9.« 



0.8q, 



399.4 
376.9 
365.7 
335.0 
315.3 
296.8 
279.0 
261.8 
245.8 
230.3 
215.5 
201.6 
188.2 
175.7 
163.8 
162.6 
141.9 
131.7 
121.3 
110.2 
100.2 
91.1 
82.9 
76.3 
68.4 
62.2 



664.8 
533.5 
503.5 
474.3 
446.3 
420.1 
395.0 
371.0 
348.0 
326.3 
305.3 
285.6 
266.8 
248.9 
232.1 
218.2 
201.2 
186.7 
172.0 
156.3 
142.2 
129.2 
117.5 
106.7 
97.0 
88.3 



608.3 
480.2 
453.2 
426.9 
401.7 
378.1 
355.5 
335.9 
313.2 
293.7 
274.8 
267.0 
240.1 
224.0 
208.9 
194.6 
181.1 
168.0 
154.8 
140.7 
128.0 
116.3 
105.8 
96.0 
87,3 
V9.4. 



0.8q, 



461,8 
426.8 
402.6 
379.4 
357.0 
336.1 
316.0 
296.8 
278.4 
261.0 
244.2 
228.5 
213.4 
199.1 
185.7 
173.0 
161.0 
149.4 
137.6 
126.0 
113.8 
103.4 
94.0 
86.4 
77.6 
70.« 



636.3 
600.4 
636.6 
533.8 
502. S 
473,2 
444.9 
417.9 
392.0 
367.6 
344.2 
322.0 
300.7 
280.5 
261.6 
243.7 
226.8 
210.6 
194.2 
176.6 
160.5 
146.9 
132.7 
120.6 
109.6 
99.0 



0.9q, 



572,6 
540.4 
509.9 
480.4 
452.5 
425.9 
400.4 
376.1 
352.8 
330.8 
309.8 
289.8 
270.6 
252.5 
235.4 
219.3 
204.1 
189.6 
174.8 
158.9 
144.5 
131.3 
119.4 
108.5 
98.6 
89.0 



0.8q, 



509.0 
480.3 
453.3 
427.0 
402.2 
378.6 
365.9 
334.3 
313.6 
294.0 
275.4 
267.6 
240.6 
284.4 
209.3 
196.0 
181.4 
168.5 
155.4 
141.2 
128.4 
116.7 
106.2 
96.4 
87.6 
79.7 



712.0 
672.5 
634.1 
597.9 
603.1 
6S0.0 
498.3 
468.0 
459.4 
411.9 
386.8 
360.9 
337.1 
314.7 
293.7 
273.6 
254.9 
236.5 
218.2 
198.3 
180.4 
163.9 
149.1 
136.4 
123.0 
111.9 



640.8 
606.3 
670.7 
638.1 
BOO. 8 
477.0 
448.6 
421.2 
396.5 
370.7 
347.2 
324.8 
303.4 
283.2 
264.3 
246.2 
229.4 
212.9 
196.4 
178.6 
162.4 
147.6 
134.2 
181.9 
110.7 
lOO.T 



609.6 
638.0 
607.3 
478.3 
4B0.B 
424.0 
398.6 
374.4 
361.6 
329.6 
308.0 
288.7 
209.7 
261.8 
236.0 
218.9 
203.9 
189.2 
174.6 
168.0 
144.S 
131.1 
119.3 

ioe.9 

9S.4 
89.8 



Praaaura, Ib/aq ft 



^rapaad 

(Mph) 

Altl'i 
tuda 
(ft) 



626 



660 



B7B 



eoo 



o 

8,000 
4,000 
6,000 
8,000 
10,000 
12,000 
14,000 
10,000 
18,000 
20,000 
22,000 
84,000 
26,000 
28,000 
30,000 
32,000 
34,000 
36,000 
58,000 
40,000 
42,000 
44,000 
46,000 
48,000 
60.000 



792.7 
749.4 
707.2 
066.8 
623.0 
691.1 
665.7 
621.9 
490.4 
469.7 
431.0 
403.1 
376.6 
351.8 
328.4 
305.9 
884.9 
804.0 
244.1 
221.9 
201.8 
183.4 
166.8 
161.5 
137.6 
188. 2 



713.4 
674.6 
636.6 
600.1 
565.2 
632.0 
500.1 
469.7 
441.4 
413.7 
3B7.9 
362.8 
338.9 
316.6 
295.6 
275.5 
266.4 
238.1 
219.7 
199.7 
181.6 
106. 1 
160.1 
136.4 
123.8 
118.7 



O.Bq^ 



634.2 
699.6 
666.8 
533.4 
502.4 
472.9 
444.0 
417.6 
392.3 
367.8 
344.8 
322.6 
301.2 
281.4 
262.7 
244.7 
227.9 
211.7 
195.3 
177.5 
161.4 
146.7 
133.4 
121.2 
110.1 
100.2 



880.1 
831.9 
786.1 
740.3 
697.2 
666.7 
018.0 
B80.8 
846.8 
811.6 
479.8 
448.0 
419.0 
391. B 
306.1 
340.3 
310.7 
894.3 
871.3 
840.7 
824.3 
803.9 
188.4 
108.4 
163.0 
139.1 



792.1 
748.7 
706.6 
666.3 
627.6 
691.0 
666.2 
622.3 
490.8 
460.4 
431.3 
403.7 
377.1 
352.4 
328.6 
306.3 
286.0 
284.9 
244.2 
222.0 
201.9 
183.6 
166.9 
161.6 
137,7 
126.2 



0.8q- 



704.1 
666.6 
628.1 
692.2 
567.8 
B26.4 
494.4 
404.2 
436.2 
409.3 
383.4 
358.9 
335.2 
313.2 
292.1 
872.2 
883.4 
836.4 
817.0 
197.4 
179.4 
163.1 
148.3 
184.7 
122.4 
111.8 



973.8 
920.8 
888.0 
819.7 
772.0 
727.2 
684.2 
643.1 
603.8 
666.4 
6S0.B 
496.0 
464.2 
433.4 
404.8 
377.0 
351.8 
326.0 
300.8 
273.8 
248.7 
288.0 
206.8 
188.7 
189.0 
184.8 



0.9flfl 



870.4 
888.6 
781.7 
737.7 
694.8 
684.8 
618.8 
878.8 
843.4 
809.8 
477.6 
446.9 
417.8 
390.1 
304.1 
339.3 
310.1 
293.4 
870.7 
240.2 
223.8 
203.4 
186.0 
108.0. 
188.0 
1S6.8 



0.8«, 



779.0 
736.4 
094.9 
666.8 
617.6 
681.8 
847.4 
614. B 
483.0 
463.1 
424,4 
897.3 
371.4 
346.7 
323.6 
301.6 
281.0 
260.8 
240.0 
218.8 
199.0 

leo.e 

104.4 
149.4 
1S8.7 
18».« 



1073.2 
1016.3 
968.0 
903.3 
851.4 
801.3 
764.0 
708.0 
666.8 
024.0 
686.0 
548.1 
611.9 
47B.3 
446.7 
416.4 
387.8 
360.4 
332.4 
302.2 
274.8 
249.8 
227.1 
200.4 
167.6 
170.6 



0.9q^ 



906.9 
913.8 
862.2 
813.0 
766.3 
721.2 
679.1 
637.7 
699.8 
662.1 
880,6 
493.3 
460.7 
430.6 
402.0 
374.8 
349.0 
324.4 
299.2 
272.0 
247.3 
224.8 
204.4 
188.8 
168.8 
16S.8 



0.8<J^ 



860.0 

•ia.2 

760.4 
722.6 
•81.1 
041.0 
•03.7 
666.9 
632.0 
499.7 
408.0 
438.8 
409.8 
382.6 
387.4 
318.1 
310.2 
888.3 
808.9 
241.8 
219.8 
199.B 
181.7 
108.1 
160.0 
180.4 
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XMFAe* 




















W9, Ib/at ft 












\. ("Hi) 




































100 






180 






200 






888 






MO 




































(ft) \ 










































0.9a 










%i 






•»« 




O.St, 


0 




21.4 


19.0 


55*9 


Am _ A 


43.0 




AR • 


■n o 

7T*1e 




11 n R 


WD«1 


158 


136.9 


121.7 


t.ooo 


22^4 


20.3 


17.9 


60«7 




40.6 


DO O 


Rl a 


78 #7 


116«0 




V3s«4 


143*8 


128.9 


114.6 


4,000 


81,1 


19.0 


M.O 
m»w 


• r • # 


AO A 
WB. V 


«o o 


OK It 


■v*t n 

TT 


68«6 


106*7 


97*8 


87*0 


134*8 


121.3 


107.8 


ftaOOO 


19.0 


17.8 


18.8 


44*9 


AO A 


9D»W 




*VR R 


04 • 6 


102 «3 


92«1 


81*8 


120*9 


114.2 


101.8 


8(000 


ia«6 


16.7 


14.9 


42*8 


38.0 




f CO 


RR A 


Rn R 


90*0 


OR A 


70 mS 


119*1 


107.2 


95.3 


10,000 


17.8 


18.8 


14.0 


39*0 


86.8 


31.7 


71.0 


63.9 


66.8 


90.2 


Ol O 




111 a 
iH*W 


^ /V\ Iff 


89.5 


12,000 


16.4 


14.8 


18.1 


97*1 


38.4 


89.7 


66.6 


69.9 


83.3 


84.7 


•VR O 


RfV R 


108*0 


94.8 


84.0 


14,000 


16.4 


13.9 


12.3 


34*0 


31.3 


27.8 


A2 A 


66.8 


49.9 


79.3 




RR A 


98*3 


88.6 


78.6 


16,000 


14.4 


13.0 


11.8 


38.0 


29.3 


86.1 


86.4 


82.6 


46.7 


74.2 


66.8 


69.4 


92.0 


82.8 


73.8 


18,000 


18.4 


12.1 


10.7 


30.6 


87.8 


24.4 


84.6 


49.1 


43.7 


69.4 


68.6 


68.6 


86.1 


77.8 


68.9 




12.6 


11 s 




on R 






Ri n 


46.9 


40.8 


64.8 


66.3 


81.8 


80.4 


72.4 


64.3 


28*000 


11.7 


10.8 


9.4 


26.6 


88.9 


2S.S 


47.6 


48.8 


36.1 


60.8 


84.8 


48.4 


78.1 


67.6 


60.1 


24,000 


10.9 


0.8 


8.7 


24.8 


88 .3 


19.8 


44.8 


89.9 


58.4 


86.4 


80.8 


46.1 


70.0 


63.0 


66.0 


sa.ooo 


10.2 


9.2 


8.2 


88.0 


80'.7 


18.4 


41.8 


37.1 


33.0 


82.4 


47.2 


41.9 


66.1 


86.6 


62.1 


28,000 


9.4 


8.8 


7.8 


21.4 


19.3 


17.1 


38.3 


34.6 


30.6 


48.7 


43.8 


39.0 


60.8 


84.6 


48.4 


30,000 


8.8 


7.9 


7.0 


19.9 


17.9 


16.9 


38.6 


32.0 


88.6 


48.3 


40.8 


86.2 


86.8 


60.6 


46.0 


88,000 


8.1 


7.S 


6.6 


18.4 


16.6 


14.7 


39.0 


ee.v 


a«.4 


42.0 


37.8 


33.6 


62.1 


46.9 


41.7 


94,000 


7.8 


6.8 


6.0 


17.0 


18.8 


is.e 


30.6 


27.6 


84.8 


86.9 


36.0 


31.1 


48.3 


48.6 


38.6 


86,000 


7.0 


6.8 


8.9 


15.8 


14.2 


12.6 


28.3 


26.8 


22.6 


36.0 


32.4 


28.8 


44.7 


40.8 


38.8 


88,000 


6.4 


6.8 


6.1 


14.6 


13.1 


11.7 


86.1 


23.6 


20.9 


S8.3 


30.0 


26.6 


41.3 


37.2 


33.0 


40.000 


6.9 


8.8 


4.7 


13.6 


12.2 


10.8 


24.8 


21.8 


10.4 


30.S 


27.7 


24.6 


38.2 


34.4 


30.6 


48,000 


8.8 


6.0 


4.4 


18.8 


U.S 


10.0 


88.4 


80.8 


17.9 


28.4 


26.6 


22.7 


38.4 


31.9 


28.3 


44,000 


6.1 


4.6 


4.1 


11.6 


10.4 


9.2 


ao.7 


18.6 


16.6 


26.3 


23.7 


81. 0 


32.7 


29.4 


26.2 


46,000 


4.7 


4.8 


8.8 


10.7 


9.6 


8.6 


19.8 


17.3 


16.4 


84.4 


82.0 


le.s 


SO. 3 


27.3 


24.2 


48,000 


4.8 


8.9 


3.4 


9.7 


8.7 


7.8 


17.8 


18.8 


14.0 


88.3 


SO.l 


17.8 


87.7 


24.9 


22.2 


80,000 


8.9 


8.8 


8.1 


8.9 


8.0 


7.1 


18.9 


14.3 


18.7 


80.3 


18.3 


16.2 


26.2 


22.7 


20.2 



Praisnra, Ib/aq ft 



.Alrapaad 

Altl^ 
tud« 

(ft) 



878 



300 



326 



360 



378 



0 

2,000 
4,000 
6,000 
8,000 
10,000 
18,000 
14,000 
16,000 
18,000 
20.000 
28.000 
24.000 
26.000 
28.000 
30,000 
32.000 
34,000 
36,000 
38,000 
40,000 
48.000 
44,000 
46.000 
48.000 
60,000 



184.9 
174.2 
164.0 
184.3 
146.0 
136.2 
127.7 
U9.7 
118.0 
104.8 
97.9 
91.4 
86.1 
79.2 
73.7 
68.4 
63.4 
68.8 
84. « 
60.3 
46.6 
43.1 
39.9 
36.9 
33.7 
30.7 



0.9q, 



0.8, 



166.4 
186.8 
147.6 
138.9 

130.6 
122.6 
114.9 
107.7 
100.8 
94.3 
86.1 
82.3 
76.6 
71.3 
66.3 
61.6 
87.1 
62.9 
49.0 
45.3 
41.9 
38.8 
36.9 
33.2 
30.3 
27.6 



147.9 
139.4 
131.8 
183.4 
116.0 
109.0 

ioe.2 

95.8 
89.6 
83.8 
78.3 
73.1 
68.1 
63.4 
59.0 
54.7 
60.7 
47.0 
43.8 
40.2 
37.3 
34.5 
31.9 
29.5 
27.0 
24.6 



821.3 
806.6 
196.1 
184.7 
173«4 
165.0 
158.8 
143.8 
134.1 
125.4 
117.3 
109.4. 
102.0 
94.9 
88.3 
82.0 
76.1 
70.5 
66.2 
60.3 
55.0 
51.7 
47.8 
44.3 
40.4 
36.8 



199.8 
187.7 
176.8 
166.8 
186.1 
146.7 
137.6 
128.9 
180.7 
112.9 
105.6 
98.5 
91.8 
86.4 
79.6 
73.8 
68.5 
63.5 
58.7 
54.3 
60.3 
46.5 
43.0 
39.9 
36.4 
33.1 



177.0 
166.8 
186.9 
147.8 
138.7 
130.4 
122.2 
114.6 
107.3 
100.3 
93.8 
87.5 
81.6 
75.9 
70.6 
66.8 
60.9 
56.4 
52.2 
48.2 
44.7 
41.4 
38.2 
35.4 
32.3 
29.4 



261.0 
246.1 

•n.7 

218.0 
204.9 
198.6 
180.6 
169.2 
166.8 
14S.2 
138.6 
129.4 
120.6 
112.3 
104.4 
96.9 
90.0 
83.3 
77.2 
71.4 
66.1 
61.1 
S6.6 
62.8 
47.9 
43.6 



234.9 
221.5 
206.6 
196.2 
184.4 
178.8 
162.8 
182.3 
148.7 
133.4 
124.7 
116.5 
108.5 
101.1 
94.0 
87.2 
81.0 
76.0 
69.5 
64.3 
69.6 
55. 0 
60.9 
47.3 
43.1 
39.2 



O.Sq, 



208.8 
196.9 
186.4 
174.4 
163.9 
184.1 
144.8 
136.4 
186.8 
118.6 
110.8 
103.5 
96.6 
89.8 
83.6 
77.5 
72.0 
66.6 
61.8 
67.1 
62.9 
48.9 
46.3 
42.0 
38.3 
34.8 



306.0 
887.6 
270.6 
264.7 
239.4 
284.9 
211.0 
197.8 
188.1 
173.2 
161.9 
151.2 
141.0 
181.2 
122.1 
113.4 
106.2 
97.5 
90.3 
83.6 
77.4 
71.5 
66.2 
61.4 
66.0 
61.0 



o.9q. 



274.5 
288.8 
243.6 
229.2 
215.5 
202.4 
189.9 
178.0 
166.6 
156.9 
146.7 
136.1 
126.9 
118.1 
109.9 
102.1 
94.7 
87.8 
81.3 
75.2 
69.7 
64.4 
59.6 
65.3 
60.4 
46.9 



O.Sq, 



244.0 
230.1 
216.6 
203.8 
191.5 
179.9 
168.8 
168.2 
148.1 
138.6 
129.5 
121.0 
118.8 
105.0 
97.7 
90.7 
84.2 
78.0 
72.2 
66.8 
61.9 
87.2 
53.0 
49.1 
44.8 
40.8 



552.6 
332.4 
312.7 
294.4 
276.7 
260.1 
244.1 
228.8 
214.1 
200.3 
187.3 
176.0 
163.2 
151.9 
141.3 
131.3 
121.8 
112.8 
104.6 
96.7 
89.7 
82.9 
76.8 
71.2 
66.0 
69.1 



0.9q, 



317.3 
299.2 
281.4 
268.0 
849.0 
234.1 
219.7 
205.7 
198.7 
180.3 
168.6 
157.6 
146.9 
136.7 
127.2 
118.2 
109.6 
101.5 
94.1 
87.0 
80.7 
74.6 
69.1 
64.1 
88.6 
83.8 



O.eq, 



268.0 
266.9 
280.2 
238.6 
821.4 
808.1 
196.3 
182.8 
171.3 
160.2 
149.8 
140.0 
130.6 
181.6 
113.0 
106.0 
97.4 
90.8 
83.7 
77.4 
71.8 
66.3 
61.4 
87.0 
88.0 
47.3 
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7ABI8 VI - Concluded 
IMPACT PRSSSmas, ASXC SaUOR ATMOSPRBRB - Coneludsd 





Pr«8aur«, lb/*q ft 


































































A1 




400 






425 






460 






476 






500 




































f f t\ \ 




































0.9qe 


0.8qc 


1c 


0.9qe 


0.8qg 




0.9qe 


0.8qg 


1c 




O.Slc 


1c 


O.Slc 


O'Ole 


0 


404.1 


363.7 


323.3 


460.1 


414.1 


368.1 


520.6 


468.5 


416.5 


585.4 


526.9 


488.3 


665.2 


589.7 


624.2 


2,000 


381.0 


342.9 


304.8 


433.8 


390.4 


347.0 


490.8 


441.7 


392.6 


652.4 


497.2 


441.9 


617.7 


555.9 


494.2 


4,000 


358.8 


322.9 


287.0 


408.4 


367.6 


326.7 


462.2 


416.0 


369.8 


520.1 


468.1 


416.1 


582.1 


523.9 


465.7 


6,000 


337.8 


304.0 


870.2 


384.5 


346.1 


307.6 


435.1 


391.6 


348.1 


489.7 


440.7 


391.8 


548.0 


493. Z 


438.4 


8,000 


317.6 


286.8 


254.0 


361.4 


325.3 


289.1 


409.0 


368.1 


327.8 


460.7 


414.6 


368.6 


516.6 


464.0 


412.5 


10,000 


298.2 


268.4 


238.6 


339.7 


305.7 


271.8 


384.8 


346.3 


307.8 


459.0 


389.7 


346.4 


484.6 


436.1 


387.7 


12,000 


279.8 


251.8 


223.8 


318.9 


287.0 


255.1 


361.1 


325.0 


288.9 


406.4 


365.8 


325.1 


465.2 


409.7 


364.2 


14,000 


262.2 


236.0 


209.8 


293.8 


268.9 


239.0 


338.4 


304.6 


270.7 


380.8 


342.7 


304.6 


426.5 


383.9 


341.2 


16,000 


245.7 


221.1 


196.6 


280.2 


252.2 


224.2 


317.3 


285.6 


263.8 


357.1 


321.4 


286.7 


399.9 


359.9 


319.9 


18,000 


230.0 


207.0 


1»4.0 


262.1 


235.9 


209.7 


297.1 


267.4 


237.7 


334.3 


300.9 


267.4 


374.6 


337.1 


299.6 


20,000 


215.1 


193.6 


172.1 


246.S 


220.8 


196.2 


277.8 


250.0 


222.2 


312.9 


281.6 


250.3 


360.1 


315.1 


280.1 


22,000 


200.8 


180.7 


160.6 


229.0 


206.1 


183.2 


259.4 


233.5 


207.5 


292.1 


262.9 


233.7 


327.2 


294.5 


261.8 


24,000 


187.5 


168.8 


150.0 


213.8 


192.4 


171.0 


242.1 


217.9 


193.7 


272.7 


245.4 


218.2 


30S.4 


274.9 


244.3 


26,000 


174.4 


157.0 


139.5 


199.1 


179.2 


159. S 


225.5 


203.0 


180.4 


254.0 


228.6 


203.2 


284.4 


256.0 


227.5 


28,000 


162.3 


146.1 


129.8 


185.3 


166.8 


148.2 


210.0 


189.0 


168.0 


236.5 


212.9 


169.2 


265.1 


238.6 


212.1 


30,000 


160.9 


135.8 


120.7 


172.1 


154.9 


157.7 


195.0 


175.5 


156.0 


219.7 


197.7 


175.8 


246.2 


221.6 


197.0 


32,000 


140.0 


126.0 


112.0 


159.8 


143.8 


127; 8 


181.2 


163.1 


145.0 


204.0 


183.6 


163.2 


228.7 


206.8 


183.0 


34,000 


129.8 


116.8 


103.8 


148.0 


133.2 


118.4 


167.9 


151.1 


134.3 


189.2 


170.3 


151.4 


212.2 


191.0 


169.8 


36,000 


120.2 


108.2 


96.2 


137.2 


123.5 


109.8 


165.7 


140.1 


124.6 


176.3 


167.8 


140.2 


196.7 


177.0 


167.4 


S8,000 


111.3 


100.2 


89.0 


127.0 


114.3 


101.6 


144.1 


129.7 


115.3 


162.4 


146.2 


129.9 


182.2 


164.0 


146.8 


40,000 


103.2 


92.9 


82.6 


117.8 


106.0 


94.2 


133.6 


120.2 


106.9 


150.6 


135.5 


120.5 


169.1 


162.2 


136.3 


42,000 


96.4 


86.9 


76.3 


108.9 


98.0 


87.1 


123.5 


111.2 


98.8 


139.4 


125.6 


111.5 


156.6 


140.9 


125.2 


44,000 


88.4 


79.6 


70.7 


100.9 


90.8 


80.7 


114.5 


103.1 


91.6 


129.2 


116.3 


103.4 


145.0 


150.5 


116.0 


46,000 


82.0 


73.8 


65.6 


93.7 


84.3 


76.0 


106.3 


95.7 


85.0 


119.9 


107.9 


95.9 


134.7 


121.2 


107.8 


48,000 


74.8 


67.3 


59.8 


85.6 


77.0 


68.4 


97.0 


87.3 


77.6 


109.5 


98.6 


87.6 


123.0 


110.7 


98.4 


50,000 


68.1 


61.3 


54.5 


77.7 


69.9 


62.3 


88.2 


79.4 


70.6 


99.6 


89.6 


79.7 


111.9 


100.7 


89.6 



Frasaure, Ib/aq ft 



^Irapeed 

(mph) 

Altl^ 
tuda' 
(ft) 



625 



650 



676 



600 





1c 


0.9lc 


0.8qg 


1c 


0.»1c 


0.8q^ 


1c 


0-9lc 


O-Sle 




o.aie 


o-Slo 


0 


729.5 


656.6 


583.6 


808.5 


727.7 


646.8 


893.8 


804.4 


716.0 




981.4 


866.0 


787.5 


2,000 


687.7 


618.9 


550.2 


762.9 


686.6 


610.3 


843.6 


769.2 


674.6 




928.8 


836.9 


743.0 


4,000 


648.2 


583.4 


518.6 


719,0 


647.1 


575.2 


794.9 


716.4 


636.9 




876.1 


788.6 


700.9 


6,000 


610.2 


549.2 


488.2 


677,6 


609.8 


542.0 


749.0 


674.1 


599.2 




825.5 


743.0 


660.4 


8,000 


574.0 


516.6 


459.2 


637.3 


573.6 


509.8 


704.5 


634.1 


563.6 




776.6 


698.9 


621.2 


10,000 


540.0 


486.0 


432.0 


599.0 


539.1 


479.2 


662.8 


596.5 


530.2 




731.1 


658.0 


584.9 


12,000 


506.8 


456.1 


405.4 


562.7 


506.6 


450.3 


622.6 


560.3 


498.1 




686.7 


618.0 


549.4 


14,000 


475.3 


427.8 


380.2 


527.7 


474.9 


422.2 


683.8 


625.4 


467.0 




643.9 


579.6 


515.1 


16,000 


445.7 


401.1 


356.6 


494.8 


445.3 


395.8 


547.9 


493.1 


438.3 




603.8 


643.4 


483.0 


18,000 


417.3 


375.6 


333.8 


463.6 


417.2 


370.9 


513.4 


462.1 


410.7 




665.7 


609.1 


452.6 


20,000 


390.6 


351.5 


312.4 


433.8 


390.4 


347.0 


480.3 


432.3 


384.2 




629.4 


476.6 


423.5 


22,000 


365.2 


328.7 


292.2 


406.8 


365.2 


324.6 


448.9 


404.0 


359.1 




495.1 


445.6 


396.1 


24,000 


340.9 


306.8 


272.7 


379.1 


341.2 


303.3 


419.7 


377.7 


335.8 




462.5 


416.3 


370.0 


26; 000 


317.8 


206.0 


254.2 


353.0 


317.7 


282.4 


390.9 


351.8 


312.7 




431.0 


387,9 


344.8 


28,000 


295.9 


266.3 


236.7 


329.1 


296.2 


263.3 


364.3 


327.9 


291.4 




401.8 


361.6 


521.4 


30,000 


274.8 


247.3 


219.8 


305.8 


275.2 


244.6 


338.6 


304.7 


270.9 




373.4 


336.1 


298.7 


32,000 


255.5 


230.0 


204.4 


284.3 


255.9 


227.4 


314.7 


283.2 


251.8 




B47.1 


312.4 


277.7 


34,000 


237.0 


213.3 


189 1*6 


263.8 


237.4 


211.0 


292.0' 


262.8 


233.6 




322.3 


290.1 


257.8 


36,000 


219.9 


197.9 


175,9 


244.7 


220.2 


195.8 


270.8 


243.7 


216.6 




298.9 


269.0 


239.1 


38,000 


203.7 


183.3 


163.0 


226.6 


203.9 


181.3 


250.8 


226.7 


200.6 




277.0 


249.3 


221.6 


40,000 


188.9 


170.0 


151.1 


210.2 


189.2 


168.2 


232.8 


209.5 


186.2 




267.2 


231.5 


206.8 


42,000 


174.9 


157.4 


139.9 


194.6 


175.1 


155.7 


216.6 


194.0 


172.5 




238.1 


214.3 


190.6 


44,000 


162.3 


146.1 


129.8 


180.4 


162.4 


144.3 


200.0 


180.0 


160.0 




220.8 


198.7 


176.6 


46,000 


150.7 


135.6 


120.6 


167.6 


150.8 


134.1 


173.3 


156.0 


138.6 




205.2 


184.7 


164.2 


48,000 


137.5 


123.8 


110.0 


153.0 


137.7 


122.4 


168.3 


142.5 


126.6 




187.5 


168.8 


160.0 


50,000 


125.1 


112.6 


100.1 


139.1 


125.2 


111.3 


144.0 


129.6 


115.2 




170.5 


153.6 


136.4 
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I lBp«et pr*»Mur» * l>Oqo I 









Qtoiitr, jiag«/cu rt 


(ft) \ 








































100 


190 


200 


225 


250 








SCO 


375 


400 


425 




475 


500 


529 


550 


575 


(00 


0 


O.00U99 


1.002425 


0^002481 


0.002484 


O^0O26O9 


0.002837 


3.002867 


0,002(01 


0.002837 


0.002877 


0.0027I0 


0.008786 


0,002816 


0.008669 


a^ooi92s 


0.003964 


3.001047 


9.0O31M 


0.003186 


2.900 


.OOIEM 


•O0M87 


.002922 


.002343 


.006367 


.002394 


.002423 


.002456 


•002490 


.003838 


.008*69 


.003613 


,008560 


.008711 


•002766 


.008889 


.008883 


,008846 


•003017 


4,000 


.002191 


•002155 


.002188 


.002209 


•Q02S31 


.002M7 


•002265 


.002316 


.002149 


.002385 


.002423 


•002467 


•00251! 


.008661 


•002613 


•008867 


.008785 


.003787 


•008899 


s.ooo 


.ootoo* 


.002029 


.002061 


,003080 


•002102 


.002127 


•002163 


•002183 


.002214 


.002249 


■0022B6 




•00297Q 


.003^17 


•002488 


•008919 


.008974 


.008834 


.00289* 


8,000 


.001M8 


•001906 


.001996 


,001937 


•001977 


•002001 


• UUaUkO 




• lAMwuO 


•002118 


■002154 


,002192 


.003234 


.003276 


•003336 


•008^6 


•008488 


•003486 


.002646 


10,000 


■001773 


•001794 


•001839 


,001841 


•001880 


•0OU83 


001907 


•001954 


,001962 


.001994 


.002029 


.0020^8, 


.002106 


.002146 


.002198 


•008240 


•006291 


•008346 


.0034V 


12,000 


•001885 


.001684 




.001729 


.001747 


•001769 






•00184S 


.001975 


,001606 


.001944 


.001961 


.003021 


•008064 


•008X10 


•003X59 


,002811 


,003366 


14,000 


•001180 


.001579 


•00180S 


•001821 




.001680 


• 001882 


,001706 


,001792 


.001781 


.001792 


•001826 


.001862 


•001901 




•001964 


•002031 


.OQAOOX 


•00219X 


18,000 


•OOlMt 


.001480 


a001505 


•001S80 


■001897 


.001597 


.001576 


•001601 




.001853 


.001663 


•001715 




•001788 


.001686 


•001667 


•001911 


.001968 


.008807 


18,000 


•001969 


.001986 




,001424 


.001440 


•001459 


•001479 


.001601 




.001^51 


.001579 


•00181Q 




.001677 


•001714 


.001764 


.001796 


.0016U 


.0OX(6* 


20,000 


•OOIMO 


• 001296 




,001966 


■0O134B 


.001888 


.001164 


•001406 


•001426 


.001459 


.001480 


•001509 


•001540 


.001973 


•001606 


,001846 


•001666 


.001739 


.00X779 


22,000 


•001199 


•001210 


.001292 


,001245 


•OUIZOO 


•001276 


001294 


•001314 


,001936 


,001359 


.001375 


.001419 


.001443 


.001474 


.001807 


•001549 


.001Q6X 


.001638 


•0OX(64 


24,000 


•OOUIS 


•00U29 


•001160 


.001162 


.001176 


.001192 


.001209 


•001228 


.001246 


.001271 






.001349 


.001979 


.001411 


.001446 


•001461 


.001580 


.001659 


26,000 


.001099 


.001069 


.001072 


.001084 


.001097 


•OOllU 


.001128 


.001146 


.ooues 


.001187 


.001210 


.001236 


.001381 


.001389 


.001316 


.001968 


,00X967 


•00X436 


•OOX48X 


28,000 


•OOOMT 


•000980 


.000999 


.001010 


.001083 


.001096 


.001053 


,001089 


.001087 


.001107 


,001129 


.001153 


.001176 


.001206 


,001339 


.001866 


.001897 


.001331 


.00X967 


30,000 


.0008 99 


.000911 


•000929 


.000939 


.000951 


.000964 


.000979 


.000995 


•OOIOU 


.001032 


.001062 


.00107d 


.001098 


.001134 


.00U91 


.001160 


•OOXtlX 


.001i;44 


.001?7e 


93,000 


•OOOMS 


.000644 


.000*69 


,000873 


•000884 


.000697 


.000911 


,000936 


•000942 


.000980 


,000960 


.00100] 


•001023 


.001047 


•0OIQT4 


•OOlJOl 


.OOlUO 


.001181 


.001198 


94,000 


•000774 


•OOOTSS 


.000606 


.OOOSIO 


.000830 


.000632 


.000645 


,000660 


•0OOS75 


.000693 


.000911 


.00093) 


•000983 


.000976 


,000699 


.0O10C6 


.001069 


,001068 


.OOUU 


9(,000 


•000719 


•00072S 


•00079T 


,000746 


.000796 


.000787 


•000779 


.000792 


.000607 


.000633 


.000840 


.000659 


.000876 


.000900 


•000889 


.000847 


.000(78 


.001000 


.0010** 


98,000 


•OOOMB 


•000667 


.000670 


,000878 


.000667 


.000697 


.000706 


,000720 


•000739 


.000748 


.000783 


.000768 


.000798 


.000818 


.000639 


,000660- 


.000664 


.000909 


.0009(8 


40,000 


•000989 


•000697 


.000609 


,000616 


.000624 


.000633 


.000643 


.000654 


.000686 


.000480 


•000694 


•ooow 


.000726 


.000743 


•000763 


,000769 


.000803 


.000886 


.000*60 


43,000 


.000«9> 


.000649 


.000669 


,000960 


.000967 


,000(66 


.000885 


,000695 


.000606 


.000616 


•000631 


•000646 


.000669 


•000676 


.000699 


•ooom 


.000990 


.ooom 


.000778 


44,000 


.000486 


.000469 


.000609 


.000809 


.000510 


.000633 


•000532 


.000541 


•000551 


.000588 


• OOOQTS 


•000686 


.000600 


•000614 


.000690 


.000647 


.000664 


.000688 


•OOOTO* 


48,000 


•000442 


.000446 


.000487 


.000483 


.000466 


.000475 


•000483 


.000491 


.000500 


.000510 


.000521 


•0006S 


.000546 


•000558 


.000178 


•000968 


.000606 


•000680 


.0006(8 


48,000 


.000408 


•000407 


.000415 


,000430 


.000428 


.000432 


•000439 


.000447 


.000453 


.000484 


.000473 


.oooet 


.000495 


.000507 


.000830 


•000694 


,000648 


•000(63 


.OOOHO 


50,000 


.000965 


.000170 


,000978 


•000983 


.000967 


.00039* 


,000399 


.000406 


.000413 


.000422 


.000430 


.000140 


.000450 


•000461 : 


,000471 


.0004(6 


.000498 


•aooda 


•OOOMT 



TABLS VII - ContlniMd 



NATIONAL ADVISORY 
COMMITTEE FM AERONIUTICS 



StMIATIOI mSITT, lACA STAISUtS AnOSPHXES - CVntlavcd 
^pact prQisure = 0.94^ 



Density^ tlugs/cu ft 



\ (mph) 

Alti\ 
tude \ 

(ft) \ 


100 


150 


200 


225 


250 


275 


500 


325 


350 


575 


400 


U25 


450 


U75 


500 


525 


5W 


575 


600 


0 


0.002596 


0.002ltl8 


0.0021(1(9 


0.0021(69 


0.002490 


0.002514 


0.002541 


0.002570 


0.002601 


0.002636 


0.002675 


0,002715 


0.002755 


0.002802 


0,002851 


0.002902 


0,002957 


0.005017 


0,005079 


2,000 


.002259 


.002280 


.002310 


.002528 


.002549 


.002572 


.002397 


.002425 


.002455 


.002488 


.002524 


,002562 


.002605 


.002647 


,002694 


.002744 


.002797 


.002854 


,002914 


U.ooo 


.002128 


.0021l;8 


.002177 


.002195 


.002214 


.002257 


.002261 


.002287 


.002316 


.002548 


,002381 


.002418 


.00245a 


.002500 


,002544 


.002593 


.002643 


.002697 


.00275li 


«,000 


.002003 


.002023 


.002050 


.002067 


.002086 


.002107 


.002150 


.002155 


,002185 


.002215 


,002245 


.002281 


.002518 


.002558 


,002401 


.002447 


.002495 


.002548 


.002602 


8,000 


.001883 


.001902 


.001928 


.ooi9l|l( 


.001962 


.0019S2 


.002004 


.002028 


,002055 


.002084 


,002115 


,002148 


.002184 


.002223 


.002265 


.002307 


.002555 


.002405 


.002455 


10,000 


.001771 


.001788 


.001813 


.001829 


.001845 


.001865 


.001886 


.001907 


.001934 


.001962 


.001991 


.002025 


.002057 


.002094 


.002153 


.002175 


.002219 


.002267 


.002516 


12,000 


.001662 


.001679 


.001703 


.001717 


■001733 


.001752 


.001772 


.001794 


.001818 


.001844 


.001&72 


.001905 


.001956 


.001971 


.002008 


.002048 


.002090 


.002136 


.002185 


lil,O00 


.001558 


.ooi57li 


.001596 


.001610 


.001626 


.001645 


.OQ1662 


.001684 


.001706 


.001751 


,001758 


.001787 


.001819 


.001852 


.001888 


.001925 


.001966 


.002010 


.002054 


li.OOQ 


,00llt6o 


.00H75 


.0011(97 


.001510 


.001525 


.001541 


.001559 


.001579 


,001601 


.001625 


,001651 


.001679 


.001708 


.001740 


.001774 


,001809 


.001849 


.001890 


,001935 


18,000 


.001367 


.OOljSl 


.0011(02 


.0011(14 


.001428 


,00141(4 


.001461 


.001481 


,001501 


.001524 


,001548 


.001575 


.001605 


.001654 


.001666 


.001700 


.001757 


.001776 


.001817 


20,000 


.001278 


,001292 


.001311 


.001525 


.001356 


.001551 


.001368 


.001386 


.001406 


.001427 


,001451 


,001476 


.001502 


.001532 


.001562 


.001595 


.001650 


.001667 


.001706 


22,000 


.001193 


.Q01206 


.001225 


.001256 


.001249 


.001265 


.001279 


.001Z96 


.001514 


.001335 


•001357 


,001581 


.001407 


.001434 


.001465 


.001495 


.001528 


.001565 


.001600 


21^,000 


.ooiii; 


.001126 


.00111(5 


.001154 


.001166 


.001179 


.001194 


.001211 


.001228 


.001248 


,001269 


,001291 


.001516 


.001542 


.001569 


,001399 


.001431 


.001464 


.001499 


26,000 


.0010J7 


.00101(9 


.001066 


.001076 


.001087 


.001100 


.001114 


.001150 


.001146 


.001165 


,001185 


,001206 


.001229 


.001254 


.001280 


,001309 


,001359 


.001570 


.001405 


28,000 


.000966 


.000977 


.000995 


,001002 


.001013 


.001025 


.001059 


.001055 


.001069 


.001087 


,001106 


,001126 


.001148 


,001171 


.001196 


.001225 


,001251 


,001232 


.001515 


30,000 


.000898 


.000908 


.000925 


.000952 


.00091(2 


.000954 


.000967 


.000980 


.000995 


.001012 


,001050 


,001049 


.001070 


.001092 


.001116 


,001142 


.001168 


,001197 


.001227 


32,000 


.000S33 


.oooSb; 


.000858 


.000866 


.000876 


.000887 


.000899 


,000912 


.000926 


.000942 


,000959 


,000977 


.000997 


.001017 


.001040 


.001064 


.001089 


.001118 


.00114; 


Jll.OOO 


.000773 


,000782 


.000795 


.000805 


.000812 


.000825 


.000854 


.000846 


.000860 


.000875 


.000891 


,000908 


.000927 


.000946 


.000968 


.000991 


.001015 


.001040 


.001067 


;6,ooo 


.000711 


.000720 


.000752 


.00071(0 


.000748 


.000758 


.000768 


,000780 


.000795 


.000807 


.000821 


,00085s 


.000855 


.000874 


.000894 


.000915 


.000957 


.000961 


.000986 


58,000 


.0006U6 


.00065U 


,000666 


.000672 


.000680 


.000689 


.000698 


.000709 


.000720 


.000755 


.000747 


,000761 


.000777 


.000794 


.000812 


.000851 


.000851 


.000875 


.000896 


Uo,oao 


.000588 


.000595 


.000605 


.000611 


.000618 


.000626 


.000655 


.000644 


.000655 


,000666 


.000679 


,000692 


.000706 


.000722 


.000758 


.000756 


.000774 


.000794 


.000814 


l|2,000 


.00053U 


.00051a 


.000550 


.000556 


.000562 


.000569 


.000577 


.000586 


.000595 


.000606 


.000617 


.000629 


.000642 


.000656 


.000671 


.000687 


.000705 


.000721 


.000740 


lA.ooo 


.000U85 


.0001(91 


.000500 


.000505 


.000511 


.000517 


.000525 


.000552 


.000541 


.000550 


.000561 


.000572 


.000583 


.000596 


.000610 


.000625 


.000640 


.000656 


.000673 


1|£,000 


.QOoUa 


.000146 


.00ol(5l( 


.0001(59 


.000464 


.000470 


.000477 


.000484 


.000491 


,000500 


.000510 


.000519 


.000550 


.000542 


.000554 


.000568 


.000581 


.000596 


.000612 


U8,ooo 


.oooUol 


.0001(06 


»oool(l5 


.000417 


.0001(22 


.000427 


.000455 


.000440 


.0001(47 


,000455 


.000465 


.000472 


.000482 


.000492 


,000504 


.000516 


.000528 


.000541 


.000556 


30.000 


.ooo}6U 


.000369 


.000375 


.000579 


.000585 


.0003(18 


.000594 


.000400 


.000406 


,000415 


.000421 


.000429 


.000458 


.aooli47 


.000458 


.000469 


.000480 


.000492 


.00050; 



> 
> 
> 
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o 
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S«nllt7, ■l«4l 


l/ra ft 




tud« \ 

(ft) N 


100 


180 


200 


228 


ISO 


278 


300 


925 


390 


375 


400 


428 


4«0 


478 


SOO 


W8 


•80 


87* 


400 


0 


6.00*133 


0.002411 


3.002438 


0.002438 


0.00*47* 


0.002493 


1.002319 


1.002940 


3.001864 


0.002699 


0.001627 


9.001441 


}.0096*8 




0.00*77* 


0,00*S*1 


>.ooa*4* 


>.OC**M 


0.00*»M 


2.000 


.00*168 


.002274 


.00*300 


.001318 


.00*332 


.002SM 


.00*373 


,002304 


.002422 


•002480 


.001480 


.0CS8U 


.oac*4T 


.001884 


,00*4*4 


.oa**«r 


.00*71* 


.00*7*0 


.00*«1* 


4,000 


.002116 


.002143 


.00*167 


.002183 


.002198 


.ooesi? 


.002237 


.002260 


.002284 


.002511 


•002359 


.002371 


.00*40* 


.00*440 


.0**476 


.ooino 


.00*8«* 


.00**0B 


.00*687 


6,000 


.001001 


.002018 


.oa«04i 


.002088 


.001070 


.002088 


.002106 


.002119 


.002181 


.002178 


.002205 


,002248 


.aQii«7 


.001901 


.DO*SM 


.ooiarv 


.00*418 


•00*44* 


•001909 


8,000 


.oei8W 


.00U9T 


.001919 


.00198* 


.001947 


.001944 


.001983 


.002003 


.0O20S6 


•ooeoaq 


•OOIOT* 


.002108 


.00113* 


.00tl*« 


.OiMRM 


.O0M4O 


•oom* 


•00*3** 


•00*944 


JO.OOO 


.ooi7«a 


,001784 


.oolsas 


.00181* 


.001832 


.001848 


.001866 


.ooiess 


,001906 


•001928 


•001988 


.0019*8 


•ooeou 


•ooloa 


•00#OT* 


.ooim 


.00*14* 


•ootu* 


.00123* 


12,000 


.001680 


,001874 


.00U94 


.001707 


.001710 


,001758 


.001782 


.001771 


.001791 


•001813 


•OOlfin 


.001S4« 


.ooun 


•ooim 


.ooi**t 


.oouw 


.ooaow 


.00*0** 


.00110* 


14.000 


.00U88 


.001849 


.001888 


.001600 


.001613 


.00148a 


.001644 


.001682 


.001681 


.001701 


.00171* 


.001780 


.00177* 


.00180* 


.001*3* 


•0018*7 


•00190* 


•ooiia* 


.001m 


la.ooo 


.001488 


,001471 


.001489 


.001800 


.001813 


.0018*7 


.001648 


.001999 


,001877 


•OQl(«f 


.OOMU 


.001*4* 


.091*** 


.0014** 


.O0X7M 


.00178* 


•0O178* 


.oou*a 


•0018** 


18,000 


.001388 


,001877 


,001395 


.001408 


.001417 


.001430 


.001448 


.001461 


,001478 


•001498 


•OOlSte 


.001*41 


.001*** 


.a«i**i 


.001*1* 


.001647 


.00167* 


.001711 


.001747 


20,000 


.001177 


.001288 


.001306 


.001314 


.00132B 


.001338 


.oolsse 


.001367 


.001384 


•001 40« 


.001422 


.001443 


.001494 


.001491 


.001*17 


•001S4* 


.001878 


•001*07 


.001*40 


22.000 


.001191 


,001803 


■00U18 


•0012S8 


.00123* 


.001281 


,001264 


.001278 


•001204 


.00131X 


•001380 


.001880 


•00187* 


.0013** 


.0014*0 


.001447 


•001474 


.00180* 


.00183* 


24,000 


.001112 


.001121 


.001157 


.001x44 


,0011(4 


.001167. 


.001180 


.001104 


.001S09 


.ooms 


.001148 


.001141 


.001*83 


•OOUM 


.oeui* 


.001384 


•OOUBl 


.001410 


.0014M 


2g,000 


.001038 


.001048 


.001060 


.001046 


.001078 


.001089 


.001100 


,001114 


•oolua 


.00U4S 


•00114Q 


.001179 


•00U98 


,001*19 


.001*4* 


.001864 


.001*9* 


.oom* 


•001*47 


28,000 


.000968 


.000974 


.000907 


.000998 


.001004 


,001018 


..ooloes 


.001038 


•OOIOU 


.001046 


.00108» 


•001100 


.ooliia 


•oolue 


•001140 


.001189 


.001*07 


.00113* 


•001140 


30,000 


.000897 


.000006 


.000918 


.000918 


.000934 


.000844 


.000964 


.000966 


.000979 


.000993 


.001008 


.0010*4 


.00104* 


.001061 


.0010*1 


•001103 


•ooua* 


.0011*0 


.00117* 


31,000 


.000832 


.000841 


.000883 


.000860 


,000848 


,000877 


.000887 


,ooo*«e 


.0009X* 


.OOOOli 


.000938 


•000984 


•000870 


.00096* 


.001006- 


•ooia*» 


.001080 


.oolonr 


.001097 


34,000 


.000772 


.000779 


.000791 


JXI0797 


.000806 


.000814 


.000823 


.000634 


.000849 


.000898 


.000871 


.00088* 


.00090* 


.000*19 


•OOOOST 


•ooe**r 


.OOOVTT 


.00099* 


.0010*1 


M.OOO 


.000710 


•000718 


.000718 


.000734 


.000741 


.000780 


.00075a 


.000768 


.000779 


.000791 


•oooeoa 


.000817 


.oaoesi 


.00084* 


.00064* 


.ooog*s 


•OOOOW 


.0009** 


.000*44 


38,000 


.000*48 


.oooew 


.000681 


.000647 


..000874 


.000*81 


.000689 


.000696 


•000708 


.000719 


•000730 


.00074* 


•00078* 


•000770 


.0007** 


.000*0* 


.oao**o 


.000*M 


.000*8* 


40,000 


.OOOMT 


.000893 


.oaoMU. 


.000*07 


.000613 


.000619 j 


.000414 


.000638 


•000648 


.000485 


•000644 


•000471 


.000687 


•000700 


,000714 


•0007**- 


.00074* 


.ooon* 


•000700 














.000343 


.000949 


.OOOSTT 


.000(88 


.000994 


.000401 


.000414 


.000*141 


.000*K 


•000*4* 


.oooa*> 


.000*77 


.000402 


•00070* 



> 

> 

> 
w 



NATIONAL ADVISORY 
COMMITTEE FM AEMNtUTICS 













JLlFSp««(t 

\(«pb) 

tu4« >v 

(ft) ^ 


100 


160 


200 


228 


260 


278 


500 


52S 


390 


378 


400 


436 


4*0 


476 


600 


638 


8E0 


678 


600 


0 


Il.00t»3 


0.002412 


1.002438 


0.002463 


0.002472 


0.002493 


1.002616 


).002S40 


0.008666 


0.003693 


0.003627 


9.0086*1 


).C0S6*« 


3,00273« 


0.0a(77B 


0.00(821 


>.00(8«8 


^•OO(*10 


0.00897* 


3,000 


.002266 


.002274 


.00(300 


.002319 


.^00(332 




.00(379 


.002394 


.002422 


.002460 


.00(480 


.ooatiM 


.coe»«7 


.00(384 


.OOttM 


•ooseoT 


.0O97U 


.00(7(0 


.00(811 


4,000 


.002U6 


.002143 


.002167 


.002182 


.002198 


.002517 


.002257 


.002260 


.002284 


.002311 


.003559 


.002371 


.00(404 


.008440 


.00*478 


.00(810 


.0016M 


.00(608 


,008687 


8,000 


.002001 


.002018 


.00(041 


.002053 


.00(070 


.oosoea 


.002106 


.002129 


.002168 


.002178 


,002209 


.002299 


.003267 


.003301 


.00*31* 


.00(37T 


•002418 


.00«46( 


.002609 


8,000 


.001881 


.001897 


.001919 


,001952 


.001947 


,001964 


.001963 


.002005 


,002026 


.008050 


,00£07« 


.002106 


.00813* 


.00816* 


.oa((o* 


.002240 


.0O2S7* 


.0029*8 


.002966 


10,000 


.001769 


.001784 


.001806 


.001817 


.001852 


.001848 


.001866 


.001889 


.001906 


.001939 


,001996 


.001988 


.0060U 


.oo(Ott 


•00(07* 


.oonu 


.00214* 


.0C*1*» 


.002292 


18,000 


.ooieec 


.001674 


.001694 


.001707 


.001720 


,001736 


.001762 


,001771 


,001791 


.001619 


.001831 


.001849 


.0018(1 


.ooi«n 


•ooun 


.0019(7 


.00808* 


.00(0** 


.00210* 


14,000 


.001166 


.001669 


.001688 


.001600 


.001613 


.00162B 


.001644 


.001662 


.001681 


.001703 


.00172* 


.00176Q 


.001776 


.00180* 


.001831 


.001867 


.00190* 


.OOlW* 


.001977 


16,000 


.001468 


.001471 


.001489 


.001600 


.001615 


.001627 


.001642 


.001869 


.001877 


.0016911 


•00U18 


.aoi»a 


.001*6( 


.00169* 


•00X7*« 


.00176* 


.00178* 


.ooi**a 


.00188* 


18,000 


.001366 


.001577 


.001395 


.001406 


,001417 


,001490 


•001446 


.001461 


.001478 


.001498 


•ooiaia 


.001*41 


•OOIM* 


.e«tan 


•001*1* 


.001647 


,00167* 


.001712 


.001747 


20,000 


•001277 


,001268 


.001904 


.001314 


.001330 


.001338 


.001368 


.001367 


.001384 


.001403 


.001438 


.0014U 


•001466 


.001491 


.001617 


.00164* 


.001*76 


.001*07 


.001640 


22,000 


.001192 


.001203 


.oouie 


.001226 


.001236 


.001261 


.001364 


.001378 


.001394 


.OOUll 


•001*90 


•0018*0 


.001372 


,001396 


.001410 


.001447 


.001479 


.001606 


,001838 


24,000 


.001112 


.001122 


.001197 


.00U46 


.001166 


.001167. 


.ooiisa 


•001194 


,001209 


.001239 


.001343 


.001361 


,001883 


,001*06 


.001*89 


.001364 


,001381 


.001410 


.00143( 


26,000 


.001036 


.001046 


.001060 


.001066 


.001078 


.001089 


.001100 


,001U4 


•ooiisa 


.00U49 


•0011*0 


.00U78 


.O0U96 


,001219 


.001842 


.001366 


,001893 


.00131* 


.001347 


28,000 


.000968 


,000974 


.000987 


.000996 


.001004 


.001016 


„ooioe» 


.001098 


.001061 


•001066 


•ooioe» 


.OOUOO 


.001118 


,001138 


.00U*O 


.001189 


.001*07 


,001238 


.001160 


50,000 


.000897 


.000906 


,000918 


,000928 


,000934 


.000944 


•000964 


.000966 


.000979 


.000999 


.001004 


.001088 


•00104» 


.001061 


.001061 


.oolloa 


.OOIXM 


.0011*0 


.00117* 


91,000 


.000852 


.000041 


.000863 


.000860 


,000868 


•oooeTT 


•000887 


.ooo(»e 


•oeo9ia 


.000924 


.000938 


.000964 


.000870 


.000988 


,001008- 


•0010(» 


.001060 


.oolon 


.001097 


S4,000 


.000772 


.000779 


.000791 


.000797 


.000808 


,000814 


.000823 


.000854 


.000846 


•000858 


.000871 


.0006 81 


.000908 


.000*19 


.00093T 


.000967 


.00097T 


,00099* 


,0010(2 


Z«,000 


.000710 


.000718 


•000728 


.00OT34 


.000742 


.000760 


.00076a 


.000768 


.000779 


,000791 


.000809 


.000817 


.000838 


.000848 


.00086* 


.0008*3 


.00090* 


.000982' 


.000944 


28,000 


.000646 


.0006(2 


.000662 


.000667 


,000674 


.000681 


.000689 


.000698 


.000708 


.000719 


.000750 


.000743 


.000766 


.000770 


,00076* 


.000«0( 


.000880 


.00081* 


.00086* 


40,000 


.000667 


,000895 


.000601 


.000607 


.000613 


.000619 


.000626 


.000636 


.000643 


,ooow> 


.000664 


.000*7* 


.000687 


.OOOTOO 


,000714 


.000789- 


.ooorr4* 


.OOOTU 


.000780 


42,000 


.000635 


,000699 


.000647 


.000661 


.000667 


.000663 


.000669 


.000677 


.000683 


.000894 


.000606 


.0006U 


.000624 


,00069* 


.000649 


.000668' 


,000(77 


.000699 


.000709 


44,000 


.000486 


.000490 


.000497 


.OOOWl 


.000606 


.ooa»u 


•00061B 


.0006*4 


.000631 


.000640 


.000648 


.0006M 


.000668 


.000979 


.000*90 


.000603' 


,00061* 


.000(29 


,000644 


46,000 


.000440 


.000446 


.000461 


.000456 


.000460 


•oocxsi 


.000470 


.000476 


.000483 


.000490 


.000498 


.00060f 


,00061ft 


,000626 


.000*9* 


.000648 


,000959 


.000973 


.000*** 


48,000 


.000400 


.000404 


,000410 


.000414 


.000418 


.000423 


.000487 


.00043« 


.000439 


,000448 


.0004M 


,000460 


.000469 


.000478 


.0004*7 


.iX>049e 


.000608 


.OODWO 


.000«3* 


60,000 


•ooose* 


.OOOSfS 


.000373 


.000976 


•000380 


•OOQSM 


.000368 


.000399 


.000399 


,000409 


.000412 


•oooua 


.000486 


•000434 


•00044* 


.000488 


•0004*8 


,00047a 


•0004M 



2! 
> 

> 

> 



to 



CO 

01 



NATIONAL ADVISORY 
COMHITTCE FOa AERONAUTICS. 



TABU vm 

ftTAouTioi ssiam - isaa iv)BBR aimospbeiis 

^p«et pnasurt ■ liOqJj 



Den»lty» alugi/ou ft 



AltWv 
\n) ^ 


ido 


160 


200 


825 


250 


275 


900 


326 


350 


376 


400 


438 


450 


478 


600 


828 


850 


875 


600 




0,002822 


1.002244 


2.C0Q276 


0.002295 














0*0024A7 




U.UWO to 




U.UUaP lis 




U.UUc/ Its 


J.UU£(J94 


J.OUCO04 


SfOOO 


•008093 


•002114 


.008144 


•002182 


•002183 


•002206 


.002231 


.002268 


•0022BB 


.002321 


.008388 


.002503 




. WtS wit 




.002^71 




• UUifpYQ 


• 00ii730 


4,000 


•OOlOTO 


.001990 


.002019 


.002036 


.002066 


•002077 


.002101 


•002128 


.002166 


•002187 


.00220 


.002386 


.002294 


.002336 


.002380 


.002426 


.002475 


•003526 


•003583 


6,000 


.001883 


.001673 


.001899 


•001916 


.001934 


•001968 


.001978 


•002003 


.002030 


•002060 


.002092 


.002126 


.002163 


.002202 


.002344 


.002^88 


,002535 


,003JJ8B 


•002438 


6,000 


.001740 


.001769 


.001786 


•ooieoo 


•001818 


•001888 


.001869 


•001883 


•001909 


•001937 


•0019BS 


•002000 


.OOS035 


.002073 


.002115 


.002155 


• 002300 


,008^47 


.nosBOfl 


10,000 


.001634 


.001682 


.001676 


.001691 


•001706 


•0017S7 


.001748 


.001771 


.001795 


.001882 


•ooiesi 


.001682 


■001918 


.001961 


•001969 


•003029 


,003073 


•003118 




18,000 


'•001S38 


.001649 


.001679 


.001687 


•001603 


.001631 


.001640 


•001668 


.001688 


,001711 


•001738 


.001768 


•001800 


•001634 


•001870 


.001908 


,001949 


,001p93 


• wWfcW«?i» 


14,000 


.001496 


.001481 


.001473 


.001487 


•001808 


.001880 


.001888 


•OOIBM 


•001880 


.001604 


.001690 


.001689 


•001689 


.001721 


.001786 


•001792 


,001851 


.001p73 


•WWA^AW 


16,000 


.001343 


.001386 


,001379 


•001392 


.001406 


.001429 


.001440 


.001460 


.001481 


•06ieA4 


•001829 


.001886 


.001664 


.001618 


.001646 


,001683 


.001719 


,001759 


,001800 


16,000 


.001266 


.001270 


",001290 


.001303 


.001316 


.001332 


.001348 


•001367 


.001387 


•001409 


.001432 


•001458 


.001468 


•001614 


..001848 


,001578 


.ooipis 


,001651 


,001690 


20,000 


.00U73 


.001187 


.001206 


•001217 


.001250 


.001248 


.001261 


.001278 


.001297 


.001318 


.001341 


•001368 


.001391 


,001418 


.001447 


•001479 


.001512 


,001648 


,001568 


es,ooo 


.001094 


,001107 


.001138 


•001136 


.001148 


.001168 


.001177 


.001194 


.001218 


.001231 


.001233 


,001275 


.001300 


.001326 


.001384 


,001384 


.001416 


.001449 


,001464 


24,000 


.001019 


.001031 


.001048 


•001089 


.001071 


.001064 


.001086 


•001U4 


.001131 


.001U9 


.001170 


.001191 


.001214 


.001239 


•001266 


.001894 


.001324 


.001356 


,001389 


26,000 


.000949 


.000960 


.000976 


•000986 


.000997 


.001009 


.001023 


.001088 


.001034 


.001071 


.001090 


.oomi 


.00U33 


.00U87 


.001181 


.001209 


,001237 


,001267 


,001398 


88,000 


.00068S 


.000893 


.000908 


•000917 


•000929 


.000939 


.000962 


<,0009<6 


.000961 


.000908 


.001016 


.001036 


.001059 


.001078 


.001102 


.001127 


,001154 


,001183 


.001313 


30,000 


.000819 


.000689 


.000849 


.000858 


.000862 


.000673 


.000668 


.000698 


•000912 


.000928 


.000948 


.000964 


•qooges 


.001P04 


.001026 


.001050 


.001076 


.001102 


,001130 


32,000 


.000739 


,000769 


.000788 


.000790 


.000800 


.000810 


.000681 


.000634 


.000847 


.000862 


•000678 


.000896 


.000314 


.000934 


.000985 


.000978 


.001003 


,001037 


•001054 


34,000 


,000703 


.0007U 


.000726 


.000752 


.000741 


.000761 


.000761 


.000773 


•000786 


.000800 


•000616 


.000831 


.000849 


.000867 


.000887 


.000909 


.000931 


,000955 


•000960 


36,000 


.000680 


.000688 


.000670 


.000678 


,000686 


.000606 


.000708 


.000716 


.000788 


.000741 


•000786 


.000771 


.000787 


•OOOSOS 


•000824 


•000844 


.oooees 


,000686 


,000911 


30,000 


.000601 


.000609 


.000*20 


.000627 


.000634 


.000643 


.000683 


.000663 


.000674 


.000637 


.000700 


.000718 


.000730 


.000747 


.000764 


.000783 


.000803 


,000834 


,000847 


40,000 


.000886 


.000963 


.000ST4 


.000580 


.000887 


.00058C 


.000608 


.000614 


.000638 


.000637 


.000649 


.000663 


•000678 


.000693 


.000710 


.000736 


,000747 


,000766 


•000788 


42,000 


.000814 


.000821 


.000831 


.000537 


.000344 


.000553 


•000880 


.000569 


.000579 


.000690 


.000608 


.000618 


.000689 


.000643 


.000689 


.000076 


,000694 


,00a713 


•00Q7S3 


44,000 


.000476 


.000482 


.00049C 


•000497 


.000904 


.000811 


.000819 


•000339 


.000817 


.000448 


.000559 


.000871 


.000684 


.000698 


.000613 


.000629 


.000643 


.000663 


.000681 


48,000 


.001 MO 


.OOP446 


.000488 


.000461 


.000467 


.000474 


.000461 


.000489 


.000496 


.000503 


.000519 


.000530 


.000542 


.000555 


,000570 


.000585 


.000600 


.000617 


•000654 


48,000 


.000402 


.OO94OT 


.000415 


.000420 


.000426 


.000432 


.000439 


.000447 


.000485 


.000464 


.000473 


.000484 


.000495 


.000607 


.000820 


.000634 


.000848 


.000663 


.000580 


60,040 


.000365 


.000J7O 


.000978 


.000388 


.000887 


.000393 


,000399 


.000406 


.aoou9 


.000421 


.00000 


•000440 


.000480 


.000461 


.000478 


.000488 


.000498 


.000618 


.000637 



NATIONAL ADVISORY 
COHMITTU FM AEIKMAIITKS. 



tUU Till - SMtfaiMd 
[]l»p«et pruaar* • O.^Jj 



> 

o 
> 

> 

so 



DwMity, sliica/cu ft 



SAlrap««d 

X («Ph) 

(ft) \ 




150 


200 






27<» 


300 


525 


350 


375 


400 


425 


450 


475 


500 


525 


550 


575 


600 


0 


0.002219 


9.002238 


9.002265 


a.002281 


D.002300 


D. 002321 


3.002343 


0.002366 


0.002395 


0.002424 


0.002456 


0.002490 


.0.002527 




0.0u2oQa 


bK 00205* 




0 a 111X747 




2,000 


.002090 


.002108 


.00213U 


.002150 


.002167 


.002187 


.002209 


.002233 


.002258 


.002287 


.002317 


.002349 


.002384 


•002l;22 


•O02U62 


.002501I. 


.00251^9 


.002597 


.0O26ti7 


4,000 


.001947 


.001981; 


.002009 


,002021; 


.002Q||1 


.002060 


.002080 


.002103 


.002128 


.002154 


.0021^ 


.002214 


■002248 


■002261^ 


.002322 


■ 002362 


■002l{J>5 


.0021J.51 


.0021^99 


6,000 


.OOlSjO 


.0018^7 


.001890 


.001905 


.001921 


.001939 


.001953 


.001980 


.002003 


.002029 


.002056 


.002086 


■002116 


a 002152 


a 002188 


.002227 


.002268 


■ 0023 12 


.002358 


8,000 


.001738 


.001751 


.001776 


.001790 


.001805 


.001822 


.001841 


.001B61 


.001884 


.001908 


.001934 


.001962 


■ 001992 


•002026 


a 002060 


•002097 


.002136 


.002177 


.002221 


10,000 


.001<32 


.OOliliT 


.001668 


.001681 


,001696 


.001712 


,001730 


.001749 


.001771 


.001794 


.001819 


.001846 


■001^5 


•OO1906 


.001939 


.001971I. 


•002011 


.002051 


.002093 


12,000 


.001530 


.0015IA 


.001565 


.001577 


.001591 


.001606 


.001623 


.001642 


.001662 


.001684 


.001708 


.001734 


■001761 


a 00179^ 


.001822 


•O01855 


.001891 


.001929 


.001969 


ll(,000 


.0O1U35 


.00lJ|l^ 


.onl)66 


.001U77 


.001490 


.001505 


.001521 


.001559 


.00155Q 


.001579 


.001602 


.001626 


.001652 


a00l£80 


.001710 


■ 001742 


,001776 


.001812 


.001850 


li,000 


.ooijU 


.OOlJSk 


.001372 


.0013^ 


.001396 


.001410 


.001425 


.00144^ 


.001460 


.001460 


.001501 


.001525, 


' .001550 


.001577 


•001605 


■001635 


■ 001667 


.001702 


• 001737 


18,000 


.OOUJI). 


,0012<( 


.00128b 


.001294 


.001306 


.001319 


.001334 


.001350 


.001367 


.001386 


.001406 


.001429 


,001452 


a00lit76 


.001505 


.001533 


.001564 


• 001597 


.001631 


20,000 


.001171 


.001183 


.001199 


.001209 


.001221 


.001233 


.001247 


.001262 


.001278 


.001297 


.001316 


.001337 


.001359 


•001581^ 


.001409 


•0011I.36 


,001465 


•0011^9^ 


• 001529 


22,000 


.001092 


.001103 


.001119 


.001128 


.001139 


.001151 


.001164 


.001178 


.001194 


•001211 


.001229 


.001249 


,001270 


< 001293 


.001317 


•00i3t|l^ 


.001371 


•00ll|O0 


>00lJf31 


2l»,000 


.001018 


.001028 


.00lob3 


.001052 


.001062 


.001073 


.001066 


.001099 


.001114 


.001130 


.001148 


.001166 


,001186 


a 001208 


.001231 


•00 1256 


.001282 


■ 001310 


.001339 


2i,000 


.0009U7 


•000957 


.000971 


.000979 


.000989 


.000999 


.001011 


.001024 


.001038 


.00105; 


.001070 


.001088 


.001107 


a 001127 


,001149 


■ 001172 


.001197 


• 001223 


■ 001251 


28,000 


.000881 


.000890 


.000903 


.0009U 


.000920 


.000930 


.000941 


.000953 


.000966 


.000981 


.000996 


.00101; 


.001031 


.001051 


.001071 


,001093 


.001117 


■001lb2 


•00116B 


50,000 


•000817 


.000826 


.000^8 


.00081i6 


.000854 


.000864 


.000874 


.000886 


.000898 


.000912 


.000927 


.000943 


.000959 


.000978 


.000997 


.001018 


.001040 


•00106I1. 


.001088 


52.000 


.000758 


.00076( 


.000778 


.000785 


000795 


.000802 


.0008U 


.000822 


.000834 


.000847 


.000861 


.000876 


.000S92 


,000909 


.000927 




.000968 


.000990 


.001013 


3^,000 


.000702 


.000709 


.000720 


.000727 


.000735 


.000743 


.000752 


.000762 


.000775 


.0007B5 


.000799 


.000813 


.000828 


a00081tU 


.000861 


.Q00880 


.000900 


.000921 


.0OO9U3 


;6,ooo 


.0006U9 


.ooo<5i 


.000667 


.000673 


.000680 


.000688 


,000696 


.000706 


.000716 


.000728 


.000740 


.000754 


.000768 


.000785 


.000799 


.000817 


.000^ 


.000855 


.000876 


38.000 


.oootoo 


.000607 


.000616 


.000622 


.000629 


.000636 


.000645 


.000654 


.000663 


.000674 


.000686 


.000698 


.000712 


.0p072( 


.000741 


•000758 


.000775 


.00079U 


.000813 


Uo,ooo 


.000555 


.000561 


.000570 


.000576 


.000582 


.000589 


.000597 


.000605 


.000615 


.000625 


.000636 


.000648 


.000660 


.000671^ 


.000688 


.00070^ 


.000720 


.000738 


.000756 


1)2.000 


.000515 


.000519 


.000528 


.000553 


.000539 


.00054i 


.000553 


.000561 


.000569 


.000579 


.000589 


.000600 


.000612 


.000625 


.000639 


-00065U 


.0006«9 


.000695 


.000703 


lA.ooo 


.oool>75 


.000t»8l 


.00CW9 


.ooal»9k 


.000499 


.000505 


.000512 


.000520 


.000528 


.000537 


.000547 


.000557 


.000568 


.000581 


.000593 


.000607 


.000672 


.000637 


.000653 


U.ooo 


.000^39 


.oooliU5 


.oootsj 


.0001(57 


.ooa4£2 


.000468 


.000485 


.000475 


.000490 


.000498 


.000507 


.000517 


.000528 


.000539 


.000551 


.000565 


.000578 


.000579 


.000606 


US.ooo 


.DOOltOl 


.OOOilOi 


.oooias 


.OOOII17 


.000422 


.000427 


.000435 


.000440 


.000447 


.000455 


.000463 


.000472 


.000482 


.0001(92 


.000504 


•000516 


.0005*8 


•0005ZB 


.00095* 


50.W 


.ooojtb 


.0005(9 


.00(975 


.001979 


.OMStS 


.000388 


•OOOJ94 


.000400 


.000406 


.000413 


.000421 


.000429 


.000438 




.000458 


.ooalf«9 


.ooolito 




-000505 



^9 



NATIONAL ADVISORY 

comma fm aemkmitics 



TABU nil - cwaludad 

amitx - una vmm ta»otraaa - owatadaa 



awi«lty, «lin»/ett ft 



Altik. 
tttito 

(ft) N 


100 








■ 

280 


275 


300 


325 


980 


976 


400 


425 


450 


478 


800 


628 


880 


676 


600 


0 


Oia02217 


0.002233 


O.00S2M 


0.002269 


0.002285 


0.0O290B 


0.002321 


0.002843 


0.002961 


0.002390 


0.002417 


0,002446 


0.002476 


0.002810 


9.002548 


0.OO2899 


0.008642 


0.0036^ 


0.003*10 


a,oao 


.002088 


.002103 


.002125 


.002U9 


.002153 


.002170 


.002188 


.002208 


.002230 


,002254 


.002279 


.002907 


.002336 


.0023*8 


.002402 


.002498 


.00247* 


.00*617 


.003660 


4,000 


.001968 


.oolseo 


.002001 


.002013 


.002027 


.002049 


.002060 


.002080 


.002100 


.002121 


.002147 


.002174 


.002208 


.003298 


.0032*6 


.002299 


.00339* 


.0029176 


.00241* 


8,000 


.001842 


.001662 


.001882 


.001894 


.00190T 


.0019*9 


.001939 


.001957 


.001977 


,001999 


.002022 


.002047 


.002074 


.002106 


.002194 


.0021*7 


.002201 


.003899 


.00327* 


8,000 


.001796 


.001742 


.001768 


.001780 


.001792 


.001807 


.001822 


.001840 


.001859 


,001679 


,001902 


.001925 


.001981 


.001979 


.002006 


.003039 


.002079 


.ooeipe 


.00314* 


10,000 


.001*30 


.001643 


.001661 


.001672 


.001684 


.001698 


.001713 


.001729 


.001747 


.001767 


.001788 


.001611 


.001835 


.0018*2 


.001890 


.0018^9 


.001981 


.001986 


.008031 


13,000 


.oou»» 


.001841 


.ooissa 


.001868 


.001580 


.001599 


.001607 


.001633 


.001640 


.001656 


.oouie 


.001700 


.001724 


.001749 


.00177* 


.001804 


.001894 


.0016M 


.001901 


14,000 


,001432 


.00144S 


.001459 


.001469 


.001480 


.001493 


.001506 


.001521 


.001937 


.001SS5 


.001**4 


.001994 


.001*17 


.001*40 


.0016** 


.0OU99 


.0017W 


.00179* 


.00178* 


16,000 


.001S40 


.001361 


.0019*6 


.001376 


.001386 


.001397 


.001410 


.001425 


.001440 


.001457 


.001479 


.001499 


.OOISM 


.001639 


.001569 


.001680 


.001*16 


.001645 


.001*7* 


18,000 


.001233 


.OOlSW 


.001178 


.001287 


.001296 


.001308 


.001320 


.001399 


.001348 


.001364 


.001981 


.001400 


.001420 


.001442 


.0014*6 


.001489 


.001516 


.001549 


.001*79 


tOfOOO 




,001180 


.001194 


.ooisaa 


.001211 


.0012«l 


.001234 


.001246 


.001260 


.001275 


.001292 


.001310 


.001329 


.001349 


.001371 


.001394 


.001419 


.001446 


.00147.9 


22,000 


.ooion 


.001100 


.OOllM 


.001121 


.001130 


.001140 


.001151 


.001163 


.001177 


.0OU91 


.001206 


.001229 


.001241 


.001281 


.001281 


.001304 


.001937 


.001983 


.ooim* 


24,000 


.001018 


.001028 


.001038 


.001045 


.001054 


.00106* 


.001074 


.ooloas 


.001098 


.001111 


.001186 


.001142 


.001189 


.001178 


.001187 


.001318 


.001841 


.001364 


.001*39 


2S,000 


.oooMe 


.000984 


.00096* 


.000979 


.000961 


.000990 


.001000 


.001011 


,00109 


.001036 


•001049 


.001065 


.001081 


.001098 


.001116 


.001137 


.001187 


.001180 


.00130* 


28,000 


,000880 


.000887 


.000828 


.000905 


.000912 


.000921 


.000930 


.000941 


,000952 


.000964 


.00097.7 


.000982 


.001007 


.001083 


.OOlOU 


.0010*0 


.001080 


.001101 


.001138 


30,000 


.ooauT 


,000824 


.000834 


.000841 


.000848 


.0006*6 


.000664 


.000674 


.000886 


.000896 


.000909 


.000922 


.00039* 


.00099* 


.000988 


.00098* 


.001006 


.ooioae 


.00104* 


S2,000 


.000787 


.000764 


.000774 


.000780 


.000786 


.000794 


.000802 


.000611 


,000821 


.000693 


.000844 


.000867 


.000870 


.000889 


.000900 


.000917 


.000995 


.000964 


.00097* 


34,000 


.000701 


.000707 


,000717 


.000722 


.000738 


.00079* 


.000749 


.000782 


,000761 


.000771 


.000989 


.000795 


.000807 


.000831 


.000896 


.00085* 


,oooe*« 


.000686 


.000903 


38,000 


.000M8 


.000664 


.0006*2 


.000668 


.000674 


.000681 


.000688 


.000696 


.000705 


.000719 


.000726 


.000796 


.0007*9 


.0007*1 


.0007T6 


.000790 


.000806 


.000629 


.000641 


38,000 


.000U» 


.000606 


.000619 


.000618 


.000623 


.000690 


.000637 


.000644 


.000663 


.000662 


.000671 


.000683 


.000694 


.00070* 


.000712 


.000733 


.000748 


.0007** 


.000780 


40,000 


.000664 


.000889 


.0008«7 


.000572 


.000577 


.000589 


.000669 


.000897 


.000604 


,000613 


.000622 


.000632 


.000*43 


.0001)86 


.0006*7 


.000*80 


.000686 


.000703 


MOOTU 


42,000 


.000612 


.000318 


.oooats 


.000529 


.000534 


.000540 


.000346 


.000653 


.000560 


,000568 


.000577 


.000586 


.000596 


.000*07 


.ooo*u 


.000*81 


.0006*9 


.000*93 


.000*79 


44,000 


.000476 


.000479 


.000486 


.000490 


.000496 


.000500 


.000506 


.000612 


.000519 


iOOOS26 


.000565 


.000544 


.000559 


.000664 


.000976 


.000987 


.000890 


.ooo«u 


.00063* 


44,000 


.oootss 


,000443 


.000490 


.000454 


.000458 


.000469 


,000468 


.000475 


.000481 


.000488 


.000496 


.000505 


.000513 


.000*33 


.000634 


.000645 


.00086* 


.OQoe** 


.000683 


48,000 


.000400 


.000404 


.000410 


.000414 


.000418 


.000423 


.000427 


.000433 


.000499 


.000446 


.000459 


.000460 


.0004*8 


.000478 


.00048-7 


.000498 


.000888 


.000619 


.000693 


30,000 


,000334 


.000968 


.000973 


.000376 


.000380 


.000304 


.000188 


.000399 


.000999 


.00040^ 


;oe04l2 


.000419 


.000426 


.C00494 


.00044* 


.000468 


.0004*3 


.000473 


.00C4M 



as 
> 

> 

> 

P3 
Z 

o 



12G 



60 



O 



ko 



■P 

cd 
U 

Q, 
S 
t) 



-80 



NATI 
COMNITI 


ONAL ADVISC 

a rot mat 


1 

)PY 
AUTICS. 




















































V 








































— 


— 


Amer 
Brit 


.can 
.sh s 


(tand. 
janda 


ird 
'd 






V 

V 

S 

\ 


h 


^Tro 


)ical 


summi 


sr 




















\ 




/Arm; 
>■ "V 


J Slum 

/Tempi 


ler 
irate 


svmuni 


>r 


















\ 

N 


\ / 




ICA 3' 


;anda] 


'd 




















N. 

\ 

\ / 


N 


\ 

. \ 

N. \ 
\ \ 




















— 

N 

\ 


s. 

N 






\ 

\ 

X — 






















N 


s 




N 

\ 


V 


\ 

V \ 

\ N 














Subi 


.rctl< 


win' 




N 

N 

N 










X N 


\ 




























S. \ 























10 



20 



50 



A- 



6o 70x10^ 



30 ko 
Altitude, ft 

Figure 1. - Variation with altitude of the temperatures of NACA standard. 
Army summer, and British standard atmospheres. 
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Figure - Altitude effect on the mass of cool- 
ing air required by typical cooling elements. 
Army air; pursuit airplane In high-speed flight. 
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Figure - Altitude effect on the volume of cooling 
air required by typical cooling elements. Arn^ air; 
pursuit airplane In high-speed flight. 
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Figure ^ . - Altitude and compressibility effects 
on the required pressure drops for typical 
cooling elements. 
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Figure 7. - Variation with altitude 
of the dynaale preaaura Of flight 
for a tjpleal booiber airplane. 



Figs. 8,9 



NACA ARR No. L4I11 




60 



£ 

e 
■ 

£20 



























NATIONAL 
COMMITTEE RN 


ADVISORY 
AERONIUTICS. 


















































































































aei 


ar« d 


rop ] 


k 


























«n( 










































/ ✓ 
/ y 
































r 








?r*a 


iur« 
■Iff* 


Irap 


kerM 


M ec 

■ •!!{ 


«1 ll 
iM ( 


l«t ■ 


nd n 
•r )m 


ar ol 


•ngl 







































































9 >^ < 12 16 20 Sl^ 2g 32 

Cowl-flap daflaetlea, d*( 
rigura 9< - Eff«etlT*tMaa of eewl flapa In Ineraaalng Ilia praaanra ten aeroaa 
tha eyllBdar haada of an alr-ooolad angina iBatallatlen In a typleol Boabar 
alrplana. Crulalng flight; altltoda, 25.000 faat. 



NACA ARR No. L4I11 



Fig. 10 



600 




20 

AXtitud* 

Plgui»« 10, - Altitude •ff«ot on ths cooling power of an alr- 
eooled engine installation with and without a ooollng fan. 



3 1176 01354 4235 



